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Sonar Transducer Reliabi lity Improvement Program

NRL Problem 82 S02-43

FY79 Fourth Quarter Report

1. INTRODUCTION

1~~1. PROGRAM OVERV I EW

The general objective of this program is to perform relevant
en4ineering development which addresses the operational requirements
for fleet transducers for active sonar, passive sonar, surveillance ,
counter—measures and deception devices , navigation, and acoustic
communications. The approach is to develop , test and evaluate
improved transducer design, materials , components , and piece parts
that will meet specified requirements in the operational
environment during the entire useful life of the transducer.
Standards will be prepared to ensure that results obtained during
preliminary testing will be obtained consistently in production .
This program should result in improved performance and reliability
and reduced costs through better utilization and a more
comprehensive characterization of materials and design data . The
program goals are as follows:

• Reduction in transducer replacement costs

Goal — less than 9Z of population replaced
each year with no automatic replace-
ments at overhaul

Threshold — less than 18% of populat ion replaced
each year

• Improvement in transducer reliability

Goal — less than 1~ of population failures
each year

Threshold — less tha n 3% of population failures
each year

• Improvement in transducer receiving sensitivity

Goal — less than ‘1 dB varia t ion from the
specified value over operational
frequency band

Threshold — less than ‘2 dB variation from the
specified value over operat ional
frequency band

I
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• Reduction in transducer radiated self—noise

Goal — 30 dB reduction
Threshold - 20 dB reduction

The Sonar Transducer Reliability Improvement Program (STRIP)
is a part of Program Element 64503N. Major task areas with
specific objectives to achieve the program goals have been described
in the Program Plan and include:

Task Area A. Encapsulation Methods
Task Area B. High Voltage Engineering
Task Area C. Cables and Connectors
Task Area D. Transducer Material Standards
Task Area E. Environmental Test Methods
Task Area F. Noise and Vibration
Task Area C. Transducer Tests and Evaluation

The FY79 Program Plan for STRIP has been funded at the $495 K
level. The specific tasks and their Principal Investigators for
FY79 are listed below:

TASK PR I NC IPA L IN V E STI GA TO R
A-I Fluids and Specifications NRL CM . Thompson
B—i Corona Abatement NRL L.P. Browder
C-I Cables and Connectors TRI D.E. Clowe

(D. Barrett)
D—i Materials Evaluation NUSC C.L. LeBlanc
F—I Standard Test Procedures NOSC CL . Kinnison

(J. Wong)
F—i Noise and Vibration NOSC C. Bohntan
C—I Sleeve—Spring Pressure Release TRI R.L. Smith

(D. Barrett)
(-2 Test and Evaluat ion NRL A.M . Young
G—3 Engineering Documentation NWSC D. Moore

(D.J. Steele)

1 .2. St~~ tARY OF PROGRESS

During the fourth quarter of FY79 , efforts in the various tasks
of STRIP have resulted in progress toward the program goals as
summarized below:

• A low—frequency parasitic current phenomena ,
different than corona , has been observed tha t
is directly correlated to PZT ceramic voltage
breakdown . This may l ead to a straight—forward
dIa ’n ’~ tie test for transducers . See Section

• 1.2 ,

_ _  ~~~~~~~~~
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•The ulfetine function for high—voltagc drive of
one t~ ickncss of I’ZT c~ ramic has been measured
usi:~ insulator ~;ases of dry and wet air ,
sulfur hexatluoride (SF..), and perfluoroethane
(C~F, ). See Section 3.3.1.

• Calculations which quantify the importance of the
idealitv condition of the approach to the water
solubi litv lünit of the fill—fluids have been
submitted for publicat ion . See Section 2.3.2.

• A study on the interactions of sea water and
transducer rubbers has resulted in an interim
technical report entitled “The Effect of
Seawater on Po1v~ie rs.” See Section 2.3.1.

• Laboratory testing of piece—parts of the TR—3I6
transducers has succesdfullv identif ied the
spec itic failure modes that caused the composite
unit to fail first article testing .
Recommendations for solving the problem have
been made and proven . See Section 6.3.1.

• A technical report entitled “Results of Radiated
Self-Noise Measurements of TR—2 15 Transducer ,”
NOSC TN 647, has been written . See Section 7.3.1.

•A teehnical report entitled “Development and
App lication of a Transducer Radiated Self—Noise
Criterion Based on Optimal Detection Theory ,”
NO SC TN 397, has been written . See Section 7.3.1.

• A technical report entitled “Development of a
Low— Noise Pressure Release Sleeve—Spring for the
TR— 155 Transducer ” has been written by Texas
Research Institute , m c .  See Section 8.3.

• NAVSEA has released 48 DT— 1 68B hydrophones
• from the AN /BQR—2 sonar of the USS Stonewall

Jackson (SSBN 634) to STRIP. The hydrophones ,
after acoustic testing , will be sent to the
Naval Weapons Support Center , Crane , IN.. for
failure analv~ is testing and as a verification
test for the Ct’ALT concept .

1.3. PlANS

The Program Plan for FY80 STRIP has been approved by NAVSEA
at the $495 K level. The difference between this and the proposed
level (S’)OO K) has been resolved by task elimination and task
transforr .-il . The fttnd in~ level for ~YSO will be committed among
the fc’Ilowin ,.’. tasks:

3
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A—i Fluids and Specifications NRL—USRD CM . Thompson
A-2 Encapsulants NRL—USRD C.M. Thompson
B-i Corona Abatement NRL-USRD L.P. Browder
C-I Handbook for Harness Design Contractor
C-2 Standard for 0—Ring Installation APL—Univ. C. Sandwith

of Washington
D—i Alternative Materials , Plastics NWSC D. Moore
D—2 Pressure Release Materials NUSC C. LeBlanc
E-I CI’ALT NOSC J. Wong
E—2 ALT Verification NWSC D.J. Steele
F—I Failure Modes Due to Water Contractor
F—2 Shock Hardened Pressure Release Westing— C.J. Wilson

house . 
*

F—3 Reliability and Life Prediction Contractor
Specification

F—4 Engineering Documentation NRL—USRD R.W. Timine

Productivity for FY80 is expected to include the following

• Task A — Report on transducer fill—fluids

• Task A — Interim report on encapsulation materials

• Task B — Report on study of corona and arc formations

S Task B — Report on ceramic lifetime function

• Task C — Final report on unshielded cable strength
and backshell leakage

• Task C — Handbook for connector and cable harness
design

•Task C — Standard f or 0—ring installation

• Task D — Final report on pressure release
materials and transducer fluids

• Task D — Report on measurement technique for
pressure release materials

•Task D — Interim report on water permeation of
elastomers

•Task E — Final report on accelerated life testing
procedures for BQS—8/lO/14/2O

•Task E — Report on transducer diagnostic test
procedures for accelerated life testing
of SQS—56

- ~~~~~-~--.



• rask F — Report on t a i lu r e  ~~ de~; due to w.t t  cr in
t r a n~~du c e r s

• Va~. k F — Report on shock ha r’icned pressure re 1 ease

~Ut t ’F ia 1

• Task F — Report on w a t e r  permeat  ion  1 i ft’t ir. te funct isu

• lask 1’ — lntert:n report of progress on a rel lability
Standard

• Task F — Four q u a r te r l y  r e p o r ts  on progr~t~ progress

The ~a~ or ch,iti~ e in the STRIP Is the t r a n s fer r a l  of the N o i s e
and V I bra t ion T.i•~ !~ Ar~ .i t o  the Son ar Transducer  Ex t  r neous  N o i s e
(S ~‘!N~ l’ro~ r,i:i . The STEN Progran is -t new RDT &E e n inecring

* 
Jeve I o;~~:ent pr~~~r~~:~ wh I i ~h was e st a b l i s h e d  by NA\’ SEA at  the request
of CN~) to s t u J v  , ana l v z~

. 
, and evaluat e poten t  Li 1 noise  s o u rc es  in

t r a n sd u c er s . To av e Id possible dup i icat ion of e f f o r t  t he  no ise
t a sk  pr e~’ b u s  lv earr Led as a part of STRIP w i l l  be a p ar t  of the
ST UN Pr o~ r.e~ s ta r t  ln~; in FY80.

1.4. REPORT oRcANl:’AT1~ N

The re~iaining sect  ions of t h i s  quarterly repor t  w i l l  discuss
the objectives , progress , and p lans for the specific tasks included
in the STRiP .

5
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~~. TASK .~ - 1 — TRANSPUC ~ R FLU iDS AVP Sr rc IFIcAT1o ~:s
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A m at e r i a l to be used for I filing a sonar transducer must
~~~- t t  a wide ‘: ir  i e t v  of s pe c i f i c a t i o n s . The r e q u i r em e n t  s imposed  ~~
t h e  electrical nature of the d e v i ce  include hig h r e s i s t  i v i t ’ -- , h i g h
d io1~~c tr  Ic  c o n s tan t , as well as r e s i s tan c e to corona and arc
d i  ;char’es. The w a t e r  env i ronm en t  of the transducer necess i t a tes
low water solub llitv and other a t t r a c t i v e  so lu t ion  p rope r t i e s . In
a d - i i t  ion , the f l u i d  m u s t  m a i n t a i n  i t s  e l e c t r i c a l  and o ther  p roper t  ics
In the presence of any water which permeates the covering . The
~ieou ~~ ic r e q u i r e men t s  a re  a close acous t i c  impedanc e match  w i t h
sea water and resistance to c a v i t a t i o n  at  hi gh — d r i v e  l eve ls .  Other
obviou s p r o p er t i e s  inc lude c omp a ti b il i ty  w i t h  o ther  components , *

stabili ty t o  degrada t ion , suitable surface tension , and viscosity .

With such a wide variety of requirements , it is not surprising
th at .  compromises have to  be made.  The most commonly used fluid for
many y e ar s  ha s been castor oil. This use is in spite of its hig h
viscosit y . Each of the fluids proposed , so far , as a rep lacement has
serious drawbacks . Silicone oils tend to creep onto and wet all of
the surfaces of the transducer. This greatly complicates bonding
the c~~ponents to~:ether . Pol alk lene glvcol (PAC ) has the dis—
. i d v a nta .~es of a h i g h wa te r  s o l u h i l i tv  and low e l e ct r i c a l  r e s i s t i v i t .
Thc v i r  ious hy droca rbon  li quids  have  too low an acoustic impedance
and are  f r e q u e n t ly inc o m p a t i b l e  w i t h  the  var ious  p l a s t i c s  and
rubbers  in the  t r an s d u c e r .  F u r t her  research is nece s sary  to f i n d
and q u a l i fy  f i l l — f l u i d s  which  represent  the  best m a t c h  to a l l  the
r eq u i r em e n t s  imposed upon it -

1~~~~~~~ OBJECTIVES

The obj e c t i v e s  of this task ar e :

• To f ind p l ausib le  new t r a n s d u c e r  f i l l — f l u i ds  which
combine a l l  the best p r o p e r t i e s .  Cand idates
include: hydrop hohic—polvethers . sterically
pro tec t ed e s t e r s , c h l o r i n e  — or fluorine —
c o n t a i n i ng  hy d r o car b o n s , m et hy l  a lkv l sil icon es,
and poss iblv aronat ic hydrocarbons.

• To app ly the cc i t  cv Li developed d u r i n g  the  PA~
and caster oil test jug to  the most promising
c a n d i dat e  f l u i ds .

• To conduct  a prel  im i n a r v  inves t  i gat  ion into the
m e ch a n ic s  and k no t  i cs of the set ~..a ter —
pol ymer i n t e r a c t  ions .

6
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2 * — 1 . The st  sea vat  e i ‘. ~a r I: ;  t e rae I I ens wit I c
be.  du r 0 .! ~;t .t i t or ~

- 
~ was e one 1 ; c d t d  . The t o  :51 t S

el a :t e.1 a f t  c r ~2 da v - ; ot  t t :;t b u g  a r t  ;d:evti in la  i i  2 -

N I ~~~ I I I

~‘ L t y C ’i l . rC p rt ’ t’ ~.. o p r ’  e ~~~.t ~~~~~ r ~ S . t • / mol  ‘ . ‘
I I ~~~~ ~~~~~~ ~

. 4 . u:  ~iO ’

~~~~~~~~~~~~~~~~~~ ‘~~op ’ e  S~ t .’ Sea ~~~~~~~ ~~~~ k~’:~~ul[ ~~~~~~~~~~~ I~~ t . t ,~~z . r  ~~~~~~

Table 2 . 1  — R a t e  01 ~~ t t  or D i f  usion

h ’ h e r e  the v a l u e : ;  f o r  the  t u e r g v  o~ act i vi t  ion. . E , an d stat 1st i~’ ; l
f a c t o r , A , a r t  su l ’st  i t  ut od i n t o  the eqs.; t ion a

(-n) 
A-t .txp (-l : /RT) (2 . fl

-
~~ is the r . i c  t ien.t l we i g h t ,  g a i n ,m
0

t is the t i~:. in hours ,

R is  the gas i,i~: i’on~~t . t f l t  (~~ ~~~~~~ ~~~~~~~~~~~~~~~ 
‘

R~~ , and

T is t h e  t cl:li~t r . l t u re i n  d eg r e e s  Kelv in.

The s ig  cc i f  car m’ t o t he: ;& ’ r es t ;  I t s  is th a t f o r  a t  I east some
material :;, the rat e of d e g r a d . t t  Ion 01 the  p r o p e r t i e s  m.iy he
acce l e rat e d  s imp I v by an I n cr e a se  in  t empe r at  u re

S i u ~-e t h e  ch a n g e  i i i  w e i g h t  of a s .cnp to  is n ot  an ;cbsolut  e
it c a n n o t  be u:.t:l e x c l u s  t V t ’ ’IV t o  p r e d i c t  the useful l i t  et inc

a pol y m e r .  Ho w ev er , f a i  l i t r e  in ac t  en d — u s e  te st is very prol ’_ t t ’ I v
re i a t e d to t h e weight c i t . ing  o o t t h e  po I vn t ’ I- on exposc i  to  t o  w a t er  -
T hj  ci I ow:; a prt ’d ic t ion ot t h e  . i m s t i t t t  of  t i tne unt  i t  t I i ~’ p~
t i I I ~~. i’ec t’x cnp i~~, I t  a g i v e n s i g n i f i c a n t  los:; of ten :;ile
st i ’ ect. ’th occu r ;; w i t  it a 10 we igl;t .t in (must be Jet e l m  Lied
ox p er  Lien a 11 v ‘1 t o  r N o~ p r ene t’ , t icon t ito t Lie it wou 1 d t .ike t or
t a i I icc - c t o  o c c u r  In sea w a t e r  at  ‘ ~ 

‘
C won I d be S . ( ve .c r :; - ‘1’ii is

v i  s ca lcu 1 .tt  ed u s i n g  l’ q - ( .
~ - 1) - ier pol  v ; ;e r : ;  t h _ i t  do not t n t  er .tc

i’v .c ti it fit ;; ion pro~- i 5 :; 
• e ~; t i mat 0:; of the lit e t i me c _ t n  be made us i

the gr .c;’h . of the we igli t &~ t ; . c u u g t ’ w i t  ii t i m e  w h i c h  . t r e  g I v o l i  in t h e
p u b ’! i ~hed :;;e-’to r . ind ;c ;u  r epor t ( N R I  ~~~~o r ac~du ;-; R ep o r t  -‘.0°~’

I
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i s r t ! er  wOr ’r: on t h i s  r oj ~~e t  w i l l  t r  n s i t i s n  i : ; t o  Task 1)
e: :::~~p ~n FY5 1 .

2.3.2 . Oii, l i t t l e  r e c o c n i s ed  ~u s c tj o n  of t i e  f i 1 l — ~~luid is  t o
re ;; j e t  th e  permea: ion of w i t  or  m o  t h e  t r .c;te;b;ct’ r - C a L u l a t  i o u ;
s ive  r~~c~~n t l v  been e a i r  ;ed o ut  which :t ; . t ; l t  ifv t h 0  ci ’ : e c t  o f t h e
ide.1 i t v  ot the fill li quid upon t h e  rate o t  w a t e r  p e r m e t t  is ;;  ~~~ 0
the t r t;i ;ducer . Ti;e ’icv L it  ion  ir s : ; i d e ; !  ; t v  (Henry ’s law) was irst
ci s:ei’ . .t:’e r , : L : - ~, ; t e ’ l b ’. a ;;ars!slic V s at  iou . The c o e f f i ~~ic~~t s  of
th e  ~uu a t  ion  w e r e  ch o sec;  to  r e ;’r t - ’ t u t  . - istor oil (posit ive
dcv ; i t  io n)  , P lC (1 ;e . :a t  ly e  d c . ’ l i t  ‘ !on)  , and  an o i l  w i t h  no dev l i t  1011 .
[he ‘ar ab o l  ic Pt’nr’; ‘s law e qu i t  ion was s u h . t  i t u t e d  i n t o  the

e m — c i t  i o n  oq u a t  ion , a c i; :1;; .:e of var i d l e ’ ; w i g ;~erformed , and the
result in. eq5:t r ion was m t  e ~r a t  e l .  V a r i a b l e s  .~er c  ch os e n  to
r : 1  c n t  a i - t i  he ’ : ’r e n e — b o o :  c l  sonar  t r a n s d u c e r .  C u r v e s  w e r e
p l o t t e d  f r :-; t u e  r e s u l t in . :  e’ :u ;i t ion which show t h e  v a r i a t i o n  ~
‘.:a ’. er  ; n t o n . t  w i t :  t i m e .  A u s e f ul  way  or  c o m p a r i ng  t h e  r a t e s  of
w a t e r  p. r m e . t t  ic:; is to calcu late th e times required t si~ s u f f i c i e n t
w i t  or  t o  p e r m e a t e  so tha t water will proc is I t a t e  i f  tile t e m pe va t u re
:~ :c:ild t h e n  be l ow e r e d  by 5 ‘C . The t i m e  t o  t h a t  po in t  is 12 , 000
h o ur s  f o r  a t r a n s d u ’ er f i l l e d  w i t h  an o i l  wh ich is ideal  w i t h
h e n ry  ‘ 5 liw . Negative deviat ion from Henry ‘s la’ ,’ (as shown b PlC)
causes tiuls tine to decrease to 8,000 hours. Posit ive d e v ia t i o n
(as si;c” ,-n by castor oil) c a u s es  t h e  t ine to increase  to 28 , 000
h o u r s ,  Details of these derivations and ca l c u l a t i o n s  can be f o u n d  is.
a r e p o r t  e n t i t l e d  “P e r m e a t i o n  i n t o  C o n t a i n e r s  h i l l e d  w i t h  Non-Ideal
; i i l , ’ w h i c h  has been su b m i t t e d  f o r  p u b l i c a t i o n . Advanc ed cop ies
may he o b t a in e d  f r o m  t h 0  a u th o r

2 . 3 . 3 .  In o rde r  to  p r o v i d e  some u n i ty  in the  s e l e c t i o n  01
t r ansduce r  f i l l — f l u i d s , a f l o w  c h a r t  was d e v is e d  w h i c h  i n c o r p o r at e s
the  best c u r ren t  i n f o r m a t i o n , a l on g  with some g u e s s e s  about  the
future. This is shown as Fi g.  2 . 1 .  The va lues  p resen ted  are the
r e s ul t  of e x t e n s i v e  e x p e r i e n c e  w i t h  f i l l — f l u i d s  a t  U SR D , and of
c on s u l t a t i o n  w i t h  sonar eng ineers f rom o the r  l a b o r a t o r i e s .  Of
course , each bounda ry  b e t w e e n  accep tab le  and not  ac c e p t a b l e  is not
bar ;’! -md f a s t , hu t  mus t  he cons idered  fo r  each app l i ca t i on .
Comment is sot  ic [ted f r o m  i n t e re s t e d  p e r s o ns  ab ou t  the magn i t u d e  of
the  boundary  v a l u e s  and about  any m i s s i ng  c r i t e r i a .

I t  is int e r e s t  in. :  and i l l u s t r a t i v e  to consider  the  p r e v i o us l ’.’
:i iscussed m e t h y l  a lkv l  s i l  icones ( lIAS) w i t h i n  the  f o r m a t  of t h i s
f l o w  c h a r t .  As d i s c u s s e d  in the  2nd and ~rd q u a r t e r  py 7u  STRIP
r e p or t s , SF l l ~~7 , a t p ica l  Ill S , eas liv passes the f i r s t  six

I t ; ’ Is ions. A t t e n u a t  ion of ii 1gb freqitccu’ v sound has been r e p o r t e d
is be ing a p rob lem w i t h  t h e  d imcth” t s i !  icones and likely w i l l
, i l  us be a r o b ’ !  em with ~‘!AS . MAS has a low 1! ‘0—sot ; ;  ii [t v  1 m i t
( ‘  ) .O ~~~~ report ed 1- ,’ m anufactur er ) and I-  st ahl e to b o t h  ii d r o iv s i s
and o x i d a t i o n  u n d e r  sona r t r a n s d u c e r  co n d i t i o n s .
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Surface tension is a t n e ; c ; ; t c r o  of t he  tendency  of a l i qu id t o
spread  over  and ‘‘wet ’’ a our f a e e  . ‘li t I ; ;  proport v wit; ;  expe ; ’ t ed t o  be
much more f avo rab l e  f o r  MIS t itan  for ii f ue l  liv ! si t icon&’;; - However ,
;u ’c su r em en t  s a t  tISRI) sh ow HAS to have approx Ima t c l v  t he same
stir f ,ce e t ens [on :ts d m e t  hv 1 s I l l  e ocw . At tic Is point • i t  a p p e a r ;
t let t MIS s i l t  f e c  s f rou t the same d I sadvact t age as d Imet iw l sill e ones .
‘[lii’ 1 .tst dec Is ion in t lie f l o w  e h ar t  Is it lso damning  f o r  MIS
5 1 1 1  •~7 wit lob Is m a n u f a c t u r e d  by (T oe u s  f o r  $7 - 00/pound in d rum
quail  t it i e :; . S Inc e t her e  a re  no c I e,cc’ —e ut advztn t ago ; ;  of SF ii ‘c 7
over  the sorut’what it’;;;; expon;; ive d imet liv 1 si l l  coot’s , f u r t  her
con;; i d er a t  (ti l l  is p roh ab l  not  w a r r a n t e d .

.I~~~. P l A N S

• ‘Incorpora te  comment ; ;  f r o m  r eader s  and now
data i n to  a r epor t  on t r an s d u c e r  I in Ed decision
t r ee . (I) t ’eeril t ’ r 1 ) 7 ~))

• Prep ar e  a r epor t  etc  w a t er  porn ioti t ion I n t o  sonar
t r an  odneer s and the c ’I  f e e t  tic I;; lii ;; on
oper at  [on and I it et Inc . (Cooper at  ly e  between
Task A—i and F—I )

• Perform I o st 5 on mod [ft ed P l’MC developed
under in— hoct so (i - I p rog rant . (Marc it 1 1)50)
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.1 . PACRCRC iI Nl’i

A si gnif Icant llc ’rcecut ace tit ’ I r . i i i ; d i t c e i  t ,tI h i t  es is ~hue to
v o l  t , t g e  brea kdown ;~ 1 t o s u l a t  t u g  m a t  or ( t h u  d e v e l op I n g  t o;:; ~~~ o u t
e ro :;  l o u  ;nec h a  n I em;; . It  is not p rae t Ic :~ 1 t e t e t L ice ( ‘11th I t  cm
( t c a  U sl it ; ’ o t t o  quan  t I ’ ~ t li e  et  I e; - t  5 ;~l et ’ c m i  e ro s  Oi l  O t t

t r , t u c u d ; i c  or r e l I  atm 11 It v and 1 ii c t ( tim e - Co t o u t mct et be stud lt ’th i s  .%

(‘a t h u  re  nec ban I sin a t  t lie e ;‘mp ; ’clen I or p 1 t ’c t ’ ’pa I’ t 1 ( ‘Vt ’ I t i m  qu i l l  I I l  \

t h e  p r o t ect  ion t’equft’emont ; ;  and e st a b i  Ishi i’ ’I ta u t  I it v t a c t  o r ,~ -
l’ t’ ,i ci’shtu’ t’t’ t’et tab ii It v m;tv thou he ;ichu1t ’~’t ’;l h’v coot i ’ol o t  do ; ;  i n
p,c t’a;’iet 01’ ;; and t ’ 0fl~~ t r i t e  I i ;iil p l ’o t ’es;;e ;; .

- . Olh ) l ’ C l ’ l \ ’ ’ ! ’S

h it ’ ~;l cc t ( V t ’S t i t  t h i s  I ;i;:k a r e

• l’o p l o y  ide  ~~uou I t a t  f o c i  [ci ;;elo,’t I i i : m a t  el f ; t l ;;

u s et ’ ,i I In eot ’ oiua alma I entoil I t o t  ; :on ,c F t i’ , i i i e d i ;~’ 01 ;;

• h o  u- ~ dt i ; - e c o l e n a  antI 1 1 a;; 1 iov or th , im ; i  :‘. ~~

qu ;clu t If ‘ I t u g  ye i t  ; i g  e l’c’ i ’s k~l 1 wcu l e v e l  ;; w i t  h i

~‘ar lou ;; t h e ; ;  I go p at u t m e t  ecu ;  t ha I m a y  lie spt ’~’ i t tel
and coot  tel led .

• To st cid y t l ; ~’ insti  h a t  i t u g  p c’ t sp t ’i’t I i ’;: and e o c s u i
re ;:  I ;: t l icci ’  o t  t he p loose  1 oct  t’ ic  e t ’t c;’; Ic ma t el Ia I
t h a t i s  i i i  e ;; ; :e t i t  I al p a rt  ol 5011 , 1 F I r , i i t e ;h i , e  ec

• l~m 1l en t I fv anti I t ’ ust vs F I o,,;; t i c  I n  t i n ; ; ;  ,t ccd
eott in :; ;  w i t h  h i g h dft ’lect c i , ’ s t r e n g t l c  t o
e ; ;t a b l  (s i t  t h e i r  t i ; ; o t  i i i  n e o n ;  i t t  t’t’tlu~ l i t ’: eot~ ’ct t •

• To dot cmi I n c  t he qua l i t  I’ cen t  t o  I I at ’ I ,‘t : :  t o  be
t ’i’ui ; ; I ~l ere,i  t’or cot  t in t t h i  I t ’cttcnt m a t  i ’ i l  a l :  ~n~I
met itoth ;; et ’ I ec led  f t m r u ;;e In  I t u t t i  ; ; , l ic , ’ et’ s -

• l’s pi’o~’ I d e ’ g i t  f ; l , t t i ; ’ i,’ l o t  ee l  ,u l ’ l  I : ! ; i c u : gt ’iit ’u’ ;i l
; : j m o t ’ I t  f e a t  c ,‘; l n; I s t  ,‘oc - ,’t i , i  t l ’ , c I , ‘;; ii ’ i i t  ~titl
h i g h —  ~tm h I a e  , i t ’;; 1 : 11 , tu~i ~‘ oci ’ ; t  E tie t b it .

1 , I ,

- i _ h  — l I t , ’ I’ . ’ 1 ,‘o t a u ;  l~’ I I i  ci i m t ’ no, ’ I I s ic  I or I i t t ’ co t it  t t l l i O i t ; ;

il~i~il I t~ . t t  i on  ot t , t l  I i , ’ s’ , ’ i t  I t ’ w., s O V i h t i , t t  i ’ .i t i c  ti t’v and wet , i  f t  ,t , i t l
( lie ci oc t  t ’o i t t ’ :,l I ly e  ‘c c ; ~ t ’ ; .  :11 I I  ~~ i t , ’ \ , t l h u t  1,1, ’ 51’ , ) i t i ~l
p e r t  l i t o t ’ tu ’ t h i a t t , ’ ( C ‘i ’ i~

) — l i i i ’ t t ’uic I t ;  I n,I t e a t  e t h a t  c i t  htntg lu 51’ ,
.10 ,t ; I e q t i ; c  I 0 I c c s t c  Lit or t : . t  0 1 sc i m p  i s v  i c c : l i i i ’ , ‘ l e t ’ t r I t ’a 1 :1  t ’ t i :: l i i  ~‘i
St i ll , I t ’  t r i  i i ; ; t h t c , ’ e u ; ; , t lit ’ t c l at  I v , ’ i::t~~ t ;5~~ t~ l t , ~ it  I ,‘ ;‘nlp ~ i t’ t’,l S t i  t ’V 1 i i  i ;;

mtt cht 1 cc;; t hc , ici u,’, t  ;; ~‘\ p ie  I ‘d I t o r n  p i cy  1, ’tc a I is; t ;

I I

~~~~~ 
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The I i  e t inc I une t I an  wit; ;  ova I i : . ;  ted b y ~ p~~
1 v i  ng I I t ’ d i  I y e

vol i~a~’,o to c ir cu l  at’ d i  ;;c ;; of , t’l;t ( .2  ‘ in) tht ieknt’;;;; P~
t’t’;’,i;;; ic ps1ari.;.~’d i t t  t h e  3—3 mode . Tin’ t t ’ ’ ; (  ;;l et ’ i ;st ’ic wa ’ h t ’ , ’ a t  1

in a 050 ml g la: ; ; ;  t e s t  ;-l ;a ; ’; b c r  with an a ;; ;;o , ’ l i t, i’d gas  h . t n ; d l  l u g
5\’~~ton  t o  a l l o w  c o n t r o l  of t h e  g ,is  com l ei ; ;  i t  ion , pt’ t ’’ ; ’ s u m  , aci d
is;; ; id i t  v • A new t e s t  n ;p t ’c i;-s’n and gas I i l l  i~; c i ; . t ’ d  s t  dot  our ’ ;  I I i i u i ~’
ear Ii d a t ;  I;’; po l in t  on t h e  vol t , ig t ’  f t  (me  c ui’Vt ’  . The I i f  et ime ;tnc t i on
is pr o :~re ;;; ;ive1y gene rat ed  by t i h t  i l i t  ~~:: d a t u m  p o i n t s  at v o l t  i t : , ’

set level;; p r o c e e d i ng  down wa rd f r o m  the max [mum w i t  i i ; ; t  i n t l vs I t , ~
( s h o r t — ter n )  s t ren g th  of the  t o ;;t  spec imen . For t l ie;;e  t c t  :‘ t i l t,

g~; ;  pr e ; ;sure was set .it 101 kPa , tiii ’ wat  or vapo r p a r t  ial pr t ’n ;sur t ’
c o n t e n t  of tile dr ’.’ gases was It ’;;;; tha n 0 .2 4  Torr  or I ~ R .11 . ,
the  am b i en t  t e m p e r a t u r e  wit s 25” C,

The v o l t  ige  l i f e t i m e  f un c  I, ion f o r  P TI’ c e r a m i c  In e t c  ic of t I ; ’
in’ ’;; L i t  ing 55 ;;eS i s  shown in Fi g • 3 • 1
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The t ; ; to a is s itow;; t h e  I t ’ll ;: t i ;  ot  t tin e to vu It , t  
~:~

‘ br eakdown a t  t h e
-l if t t r o ut v , t l t , i , :t ’ level;;. Ca~’!i of t h e func t ions has I h u r e t ’  r o t :  ion;;
of Interest : (1) the  hi gher v o l  t a g i ’ area that Is t u e  m a x i m u m  s h o r t —
t~’r :; w i t h s t a n d  cup u b  I lit v , (2) an I i t t  t’r;nod i t t  e area In which zt
t i ; - ; t - —d pt  ‘ti d , c n t  brea kdowtc nice ban i ’m;  ope ra te s , and (3) ;t long—term

m ~‘ ‘i in ~ t i c  hi t he e or ;;;;  I c  can tm ~ it ’ r ,i t e linde fin Ito lv wit bout breakdown

nut I ; ;  IoU [ca t  ions of tlit ’ [ j i ~~t inte f um e  t Ions shown In
i i  - I • I t h a t  ~t p ; m i ’ ’  to sonar transducer des i ,gtc are t hi (ci lowing :

• ‘i ’hit ’ 1 sng— t t’rm vol t ;t ge  w i t h s t a n d  capabi lit v of
SF and C l ’ 6 5 1 c c ; ;  compared to dry air Is
a p p r o x l m ;t t e l v  1 , 2  or 20”~ greater . Th is compares
t o  earlier ind ications that the m arg in was

0Z greater.

• In SF5, the i n t e r m e d iat e  breakdown mechan i sm
o per a t e ; ;  mor e  rap i d ly  by a t i m e  f a c t o r  of 2
t i ta n in C’Fc, . In d ry  a i r , however , t h e
in te rne d  [ate mechanism op e rat e s  iner t ’  sl owly
than w i t h  e i t h e r  of these  gases

• W~ t air has a long—term voltage withstand
capabilit y of about 4”( less than d r y  air ,
t hus  a sonar t r ansduce r  c o n t a i n i n g  d ry  a i r
should l a s t  2-5  t imes longer than one with
wet a i r  if  opera ted  w i t h  t he  same vol tage
d r i v e .

~‘.i et sr s  of p r imary  concern in t h i s  invest  i g i t l on  of the P~~’i’
c e r am i c  vo lt ,tct ’ l i f e t i m e  f un c t ion a re  those tha t a f f e c t t h e  long—
t ern ;  vo l t  age  w i t h s t a n d  ca p ab i l i ty . Tic is i n c l u d es  such i tems as
gas romposit ion and pressure , ambien t  t empera tu re , s u r fa c e  coat  1 0 : 5

or treatments , and electrode conf igurations .

3.3.2. During  the course of obtaining these voltage lit ’et imt ’
func t ions , i t  W I ; ;  d iscovered tha t  there  is a p a r a s i t i c  c u r ren t  f l o w
to t h e  te ;; t spec inens t h a t  is not re la ted  to either corona or t h e
usua l c a p a c i t i v e  component .  The progress of the  tes t  l e a d i n g  up to
the  arc breakdown could be moni tor ed and pred ic ted by w i t c h i n g
cer t a  in small irregularities on t h i t  corona d e t e c t  or m d  j e st  or
These irregularities build tip to a h i g h level j u s t  b o l er o  f ;i i l u r e
occurs .  Th is was an ind ication of a current pulse  at t ue peaks
of the  d r i v e  v o l t a g e , but  having f r e q u e n c y  components below the
low cut—off of the corona detector. Those cu r r en t  pulse;; appear
to ho different than corona because no li ght or g low is ; I 5 ; ; O t ’ latch
wi th the phenomena even though the current is at a relativel~’ h i gh
level compared to corona .

1 ‘1
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The e l e c t r i c a l  c u r re nt  p u l  i at the  p eaks  of the d r i ve
vol t a ge  h as  been indir ectly observed u s i n g  a c u r r e n t  t r a n s f o r m e r
w i t h ;  a n amp l i f  icr and bind—pass filter. ThIs method is less titan
op t  m u m  bec,i;i;;e mucic of t he c u r r e n t  w a v e f o r m  is obscurred by t h i s
t!; ird and t ’ i f  t ic  h a r m o n i c  f r eq u e n c y c omp o n e n t ; ;  of t h t  60 Hz
f ; ; ; ; h , t:’;t ’ ot .tl . A better net hod tha t wil l be used is a current —

l a n c e  t ec i s ;  i qu e  tha t w i l l  ;;e~; t u ’ t t e  t h e  de : ;i red  r e a l— t  inc c u r r e n t
I ; ‘  ‘~ I ’ r or’; t hi’ e ommon —mod e components. This should vie Id

i n f o r mat i o n  on the  iu ie t ’p t  ion v o l t a g e  le v e l  and changes in t h e
current wave !  u rn  load  in g  to the ceramic failure point.

Tcnt ,ttive characteri sti cs of this parasitic current—flow
p h ;e ; i on i ’n .l ar e  as f o l l ow s :

• Tlce current p u l s e  occurs  roughly on the peaks
of t he  d r i v e  vo l tage  waveform , but  the cu r ren t

n - n ix m u m  Is sl i g h t  lv lagg lu g t i m e  peak.

• Th i s  c u r ren t  f low is p robab l y a s u r f a c e  p henomena
b ecause i t  behaves d i f f e r e n t l y in t h e  va r ious
t f l ; ’t i  [a t  or  sases  .

• The current pulse progressivel y Increases in
c;-;p l i t ; m d & ’  by a fac tor o f appr ox ima tely  3 as the
cer,i ; : ;ic  proceeds to breakdown .

• Tilt’ m a g n i t u d e  of t h e  c u r r e n t  pu l se  is s u ff I c i en t 1~’
I , .  r ~;e to  p roduce  a power U i n ; ;; I pa t  ion of 0. 5 to
S Wat t s  Oin t ile ce ramic  s u r f a c e  and may he
localized to speci fic points on the surface so
that “hot spots ” occur.

• The current pulses ire not of equal amp l i t u d e
en the pos i t ive and negative halves of the
drivin g voltage waveform , but are non—
symmetr ica l  so tha t  the m a x i m u m  cu r r en t  pulse
occurs  when t h e  d r i v i ng  v o l t ag e  and t u e  ceramic
polarity are In series tiding .

• The predominan t frequency component introduced
by the pulses on the current waveform is the
s i x t h  hi ;crmon i c  (360 h lz )  of the driving voltage.

• Tit e r s  is  a specific m i n i m u m  d r i v i n g  vol tage at
w h i c h  t h e  c u r r e n t  p u l s e s  have t h e i r  i ncep t ion ,
fo r  i n s t anc e w i t h  .635 cm ( .2 5  in) th ic kness
ceramic  in d ry  a ir  the beg inning point  is
between 3 and “t kV.

I -~
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1 , 3 . . ‘ I ’ h i i ; ;t ’ mct ’w i’l ’ ; & ’rva t ions ~‘i 11 broaden  t hit ’ scope of t ii is
l l l \ ’  ou t I .:a Ion somewhat l’t ’caust ’ the phenomena ha~ been d I roe t I v
o l u a ’r v i ’d t o  proceed to tlec tr I c S l  br eakdown ot p::’i’ t’t’I’,i n; ic  . Ti me
r e s u l t  could be a new U i a ; :m’’ ‘;; t Ic pruct ’du re tha t w i l l  g i vt ’ d i r  i c  I
m d  i c . m  I i on  ot  s ,ite opst. i t tug v o l t  ages t or seo.ir t ransduc~’r
cIt-m ont:; withou t t ’xpou l u g  the  i~~st ’r n h l v  to  destruct ly e  volt age
level s.

3. -’t . PLANS

3 .4 . 1  . Cont inu t’ ti m e study of (hi ’ PZ1’ t’t ’r a m l t ’ i i  f e t  ln ; ie  f u n t ’ Lion to
ova l. i a t e  t’li,lu.:i’S due to gas presn;ure with SF 1, gas s i tU due t o  t i m e
in pu t’ i t  i t ’;; carbon d iox  j ilt ’ and methane in dry a it ’ .

• - . - -~ . Dt’Vt ’ lop ins t  r ii; ’i~’ii t . i  t Ion and a test p r o c e d u r e  tha t will g i v e
a dire ct re a l—ti n t ’ m d  [cat ion of the low—frequency p.traslt Ic current

assoc iat i’d wi t it h i gh — y e It,ige on Lhtt ’ I’~ T c era;;; Ic ,

3 . ~ • 3 . P r ep a r e  a tech in t e a l  mem orandum r epo r t  00 tilt ’ ~‘ol t , I g e
w i t  hstand 1 ii et inns f u n e  I ion of E’~~ ’l’ cet’ atu I c
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. . TASK C—I — CABLES AND CONNECTORS

- ‘ n ’ ’ ’ , .,  — - ‘‘ ,,, ,, • ‘ • - -s ..:.1 ,, .- , ‘~~~~~~‘ ‘ . , ‘ ‘. .. i . t , ~~~0 •

3 . I .  BA C KCROUND

The use of cables and connector ;; is an art’;i of conce rn  ~or
lon,:—t t’rm sonar reliability because  ot ’ a hi lst or~’ of f.i i l u t i ’s .
Pc Ic lene i es can be genera l lv eat ego r i oil In  t ice ! our area a 01
d es i g n  01’ cables and t e r m i na t i o n s ;  sp ecif  i i ’ , m t  ion and test ing~
h a n d l i n g ;  and repair and maintenance. Sp Ot ’ t i l e  p r o b l em s  h i a v i ’ been
identified in a recent failure modes and t’ f l e c t s  anal y sis el cab l es
an d connectors prepared for NAVSEA by ~cner zi l Dy n a mics /Elec t r ic
Beat , They conc lude , that of a l l  the  problem areas , t u e  loss of
bond of the molded hoot to  t he  c o n n e c tor  shit ’l  1 or t o  thi s cab It’
sheath  is the  most probabl e eaimst ’ ot ’ 1 , m i  lure. Cable j a c k et
puti c ture in hand 1 ing , at insta 1 lat ion or in ser~’ I t ’o is cons id~ i’t’d
to he t ice second most probable cause of t’a i l u re . These are  t h e  tw o
prob lem areas to be addressed here.

4 .2 .  OBJECTIVES

The gen e r a l  obj Ccl , lye of the  task  is  t o  provide improved
rel iab I l l  tv  in the  cab l e s , c onnec to r s , and r e l a te d  ha rdware  fo r  the
outboard elements of sonar t ransduc&’t’ sv;;t ems . It is oc~’as lou t liv
n ec essary  to also consIder p ort ions of thti ’ av a t  em m t  or lot t o  t h e
shi p ’s tin I l  because th ce same cables are o f t e n  used f o r  s igic i t ’ lean t
U lot .lnces th rough compartments ins lilt’ the shi p bet eve 1 ermifl:lt i ng
.it their u lt m ate e l ec t  r e n i c  package d e st in a t ion

Spec i t  j t’ object ives for the  F’t’7n t ask area is tol lows :

• Invest igate the use of cab l e / c o n n e c t o r  l’o~ t
c lamps t o  de t e rmIne  tel lab  li l t v and t i  I lure modes.

• Invest  [gate  the  s t  tong h i ol ti n sic Ic 1 dod cab 1 e , i tcd
the  shielded cab h e  t o  d et e r m i n e  re l i i i ”  l i l t  v and
f,i i lure mode s

4. 1 . PROCRPSS

4 . 3 . 1 • Work t o  fu  i l l  I l  t ice so objec t i Vt ’;; I S be ing  p e r t  o t’mt’d under
(‘ontract NOf~I 7 ~~~~~~~~~~~~ 

‘‘~ by ‘texas Rsst ’.il’ &’ht l n s t  l t u t t ’, li lt ’ .
t a ;;k ott t l int’ o 1 t hti ;; work was o, iv en in  t h e  STR1 P Tb I i’d ~~ .c r t  01’
Prog re t ;  s Repor t  ( N~ L M emorand u m R ep o r t  ‘m ~~~)() ‘3 , Tics p r o  c, I e ’O ; ; ,’S ’ I JI’

t i . i  ;; been achieved mos I lv en l’,i sk I ,ttltl _
‘ as foil ow’;

• ‘I ’A SK I : f loy d op M i  ;;s len P r o f  I It ’ . in t l  Test P Ian

Tile p ul i ’ posu ’ ot ’ ’l’~ uk I is to  p r o duc t ’ q u i n t  i t i t  l v i ’ ~l , i t  ,c

i ~~~~~~~~~~~~~~ 
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a bou t t h ~ , - ; n v  i ron ” ;t ’t i t  and ‘end i t  ions  w h i c h  c a b l e s
e x i t ’  r I i n c  e do r I ng st ara gt ’ , ins t a  I liii ion , shi p opt -r a t  I ens

i n ; ~ mainten ance , to  design a I cot  p lan to  adequatel y
i:’;ulate those o x p & ’ r t i ’ncos  , and to ob ta in suf f Ic lent

c a b l e  to  eva lus t e t h e  pro gram . This t ask  has been
comp leted. The m i s s i o n  profiles generat ed t r on t h i s
t a s k  md Tj~~k 4 tot connectors have been combined .
The .mre d i v  [dod I n t o  the I ol low ing exposure
c,i t t’~~or j ot ;  f s r  c a h i t ; and connec te rs :

• ran sport at  Ion and St era go , env i ronmen til l

• I n s t  a l  1st Ion and mm intenanc t’ , cmvi r enr i i ’n t a  1

•Inst all , i t ion and maintenance , mechanical ,
t y p o s  DSS—2 , DSS—3 , DSS--’i , and FSS—2 cabl e

•S~~’~ -it ’t”,’ t , ’ t ’

•SSBN sorv jOt’

•~‘ i  r i  ,ic~’ t U l i p se r v i c e

Tj b i e - , 4 , 1 • 4 . 2 , i . 3 , and 4 . -i show t he m i s s i o n  p r o f l io s
f o r  the t r an sp o r t a t  ion and st ei’a~ c and SS~~, SSBN , and
su r f , i i ’ e sit Ip serv ice  categor t o ; .

• i’ ,\ g K 2:  Comp~mr;c t ly e  Test in .~ of Cab I ~~~~

i l ; i ~ t t ’S t  p l m n  d ev i ; ; e d  in Task I w i l l ,  ho curried out w i t h
t hit ~ t e st  1115 O i t ’\’ * ‘ m ’ , i l  cab los common I v  u i so i l  in t h e  fleet
‘l ’l ;ev a r t ’:

Si l l  I : I ’P~~D 1’NSfl l  1 1 1 )

PSt’— 2 (Two typ e s )
P 5 5 - 3  D S U- 1

P55 - - t  Trident 2’- l,’onl~huctor
I - ’SS - - 7  Rut  v i  ,‘—Ce ndut ’ I or

P S I ’ — .’ w i t h  r e i n f o r c e m e n t
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The candidate cablo/counector boot clamps chosen for
ov ,LIti;Ition inc lude three t y p o s , two of which  are  r e t r o f i t t a bl e .

Work on a l l  tasks I s  in progress  and on schedule .

4 3 2  One r e s u l t  of the  work done in th is  task  area of STRIP in
FY78 vat; the recommendation to establish administrative and
log i s t i c  con t ro l  of cables and c o n n e c t o r s  at the  NAVSEA level , just
a,;  had been done in t h e  past  w i t h  the t r ansduce r s  t hemse lves .  One
st e p  in this  d i r e c t i o n  has occurred w i t h  the  e s t a b l i s h m e n t  of a

I : , ,
, , ’ • t ’iv’ ; ; O 2 ” S ~~f lr2 7ru ’

~~~ headed b y C .A.  Clark  of
::Avs%.\ 63XT1 . A n o t h e r  meet ing vat ; held on 25 and 26 September  1979.
The ob jec t ives  of the  last two mee t ings  were to de te rmine  the cause
of failures and improve reliability in two cable connector areas:
th e MIL—C— 2423l cable connector and the present methods of making
in—line sp l i c e s  of MIL—C— 915 cable. Research and development
p e r f o r m e d  u n d e r  t h i s  STRIP task has direct app lication to these
problems . Minutes of the meetinlls can be obtained from

— C.1\ . C l a r k , ~AVSEA 63XT 1.

4. 4 .  i’I.A:~s
The work will continue on the cont r ac t ed  proj ect w i t h  all

test  it;c~ and pre l iminary  da ta  anal ysis comp lete by the end of the
nex t q uar t e r .  Other  : ‘~~i ‘~e.’~ ~~~~ ( “ l t I ’,-~s~ ~~~~ h’o~’?: Group meet  ings
wil l  be held af ter presen tly planned work has produced results
requiring group a t t e n t i o n  and action .
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‘ I I ! ‘ 1  t O  I h 1 ’ t i  ~‘\ -e t -  a d i ’ ; c r e t & ’  t e t ’ I I ~

( ’i ’ I t  or e  1~~1 1 1 ’s ’ , ~~~~~~~~ • S C  I s
‘ i l l  ‘ . To pt ’ed i t’ t pt,’ t I  e i’ ;’. l , I I S ’ e  it I s  t ’ ; t S e I l  t L i i  t i ’  know t h~’
I l t  i ’di ’ i ’ I  i i ’ :; t ’I t h , ’ : i . i t , ’t ’ I ; i I  uo ,I et’ t lit ’ I t ’ t j ’ , ’: e ’d c, ’n : ; I  i i i  l i l t  S . ‘i’ ,’’,’ f . ’ iu ; .

I ‘ a t  l ie , Is  I O F  clo t t ’ UI’I l i i i I l l ’ t l I t ’ I’”’ ’h ’ ’’ l I I i ’s 01 I i ’S, ’ I i ’ 5’ - l I  i S

‘ ,‘Ii’,Iio,’ ; : I , i I , ’l ’ i I I ’ ; , stii ’ h t  i ;  S ’ t i i t e  ( . i ~ i . i : . l s ’ ’ ; t o ; ;  — i~~I , I ’ - ’ .

ci ’; ’t I i in ;  i t  e , eli I O I l —  ; 1~ I I I  ~~1 pe i’ , :5, 1 1 1  ic  t I c  I ,‘. i n I -  • l iv  I i i ’ I a
!Ii ’ l ’ t ’ I i ’l l l i s t  I’ i ’l \, ‘s i  or t ’ l , I 5 L  ~vt~’v)  • e t c . , h i v e ’ i v , ’ i i  rt’la t Ire
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‘ . I . I . Tli~ : l \ ’ t l . I I ’ t  I c  m c a su i  I t ’ ; ’O’Il  t : ; v : ; t  t’ flt I or  I lie 111,11 or I.i I ci i. i  t i c  I ci  I i t t i —  
-

~~

1 1011 ~
i d i ’ s ’ is . i S  ,lS ’S i’ I I ’ i ’,l I It I i l l ’ p 1, 53’ 1 S I l S  

~~~ 
i’t em ’ 1 V P~

’ ’ ’.- ’~~’ ’ ’ ‘S 1 ‘2 ’ ’ ’ t I
. i ; i ’i  w i l l  n et  h~ ’ i’ i ’p s . i t  o,I h o t ’ s . ‘1

Pro I 1 1  I ‘ 1 , 1 1  3’ I t t  , l  I i i ’ I i i ’ ;i s t t r t ’ f l l o n t  5 w 0 l ’ I ’ i t  t l ’l t l ’ I  od t o  , Ie ’l I n t ’
i t t  t or ( l i t ’ c l v t  l . F ’ I  I I ’ t O ’  1 1 1 1 1  I’ t ’ ; ’S ’ I l t  el~~t , i  t o  i i i  l , ’a’ . S ta t  Is ;;I I’ ,’ - ; ;

5 . 1 5  .1 P1 ’ 1 lcd t o t he ‘; , t - ’ ; ’  1 ‘~~ s’ I t  ii a t I l l  ~~~~~ S I re ;;;; I’ o,1 1 5 1  ‘t i l ’ !
. t t i : I  t I s ’  - s ,i - I I I  I ’d ‘ ; t  ra in u i  t is ’ red . I i i  ‘;p l ;l, ’e’:’it ’ ; ’ , I  ~~t ( l i t ’ :i .i I : t i s  I s; ;

‘loll  j t ~~ ’ I  , ‘ I  w it 11 1 1’ I I~~’i ’ op t  i t ’ probe .

I t t  1 1 . 1  I t1( ’, I ‘ ; t I  l & ~~~el 1 ( S  en I’ - I  1 . 1  t I I I I  ; S I f l i p  IL ’S S I I , ’S’t ’ t I  O X I L’flS I Vt ’
0 ’ I l I t ’ lISlE ~‘i - i i i  .t t  low ;;1 i t ’:;:; I evo  I ; ;  ‘, ‘~ 1 011 pit i ‘I ; t f l eh  t~ .I\ ’ t ’

I lid I ’ ’ i t  i ’ l l ; ;  01 , ‘ i. t ’,’f l  ( ‘, ‘t i ;t  St  I’ d ii i  ; t l t ’, I ; ; i I  i I ’I: II ‘I I I  ;-I i lt i  s I 0 be ’Illi I ia~ t ’ I
I It i’ a t t ’ , ’ : ; ; -; I ’ t ’ l  d i i i ’  I t t ~~ l i t , ’ 11111. 1 OI ’ ( l I t  l I l t O I 5 ’ l - I t  11,111 . ‘h i t ’  i- * ’,l ~,‘.i :;

i ’ ’ ’ ’ i  s i  tl i ~~~~ l ’ . u 1 ,iti, ’ ,’ ,l ; (  l a  l i t  I’, a I ~~ e ’5 t o  e l  11:1 ; t l , I t  S i’etid i l l i t  et  I ‘ t ’ t  a .
l iii’ d,,TI i l s l ‘ t t ’t ~ O ’ 15 ~ ‘t t I ’  I 3’ W I  S I l l e l ’l c’;i 1 1 I ’i ’ ;i I ed f e  t’ , i ’~ Is I I ‘ ‘ tel I I I I I  l’v

;I I ’ I ’  I v  5 1 1  .1 k i l e W t l  I , T ! ’e’ ( ’ I 0 I l I e ’ t oil w i t  ii Ii ( ‘ ; i I ’\ ’ e ’I ’ pl’e’Sn

I I Si’ t i l t ’ , itl l i t  :; t ; ‘ i t ’ i i t  :; , , i e l , h  It’ I I ’ I l l 1 L I  i t  i~~’ lilt ’S S li t’ , ‘ I ’ I , ’ l l  I a ~‘i i  , ‘t i1t ’i’

p 1  I’ , i t  I in  ‘1 .151~ I ,‘ ;  ,t t 1 05’ S i t ’  0:5; 1 e’VS 1 21) p;; il v i ’ )  di ’tI ~‘,i h i , ’;; , ‘I
‘I’, ’ I I I t ’ ’ ‘ S I t t : ’’ l i I  I t i : ;  ‘‘1 . ‘ It 1l) M l’s (, 1 ( 1 ( 1  1’ lT s I I  01’ 1,1 . l~~i o I a ’t ’  I II , II i  P I l l s 1 I
v i  1 l I I ’ :i . l I t , ’ ;nl ’, I ; ; I I  1-5, 1 3 , 1  I t t , ’ I : ;  I’ e ’ ;l ;t , ’ I l , I I ’  It’ t t  l u St ’ p t  t a t  I Iti :i , I f l l l~ I s ; ;  i t  e
(‘ill i t  S v ;lrt lIl~l s.  ‘l’l i i i s , I ha ’ :;t  i t  f~ I ’l( ’. I S t I l  ,‘ins t l t  : i, ’ i l , ’t t l , ’ t l , i \ ’

ct  s,l I 0 iTt’  ti’,’ t ’k i t i ~’ s , i  I I : ;  I a’ I et ’ I v , lIes ’ , ’~’ , - 1’~ ‘ i  1 , 1  I I l i i , l ’s, ’ , i t i ; t i ’
o I t ii~ e l oop p U O l T  I ~~~ it  1,5W ;t 1 , ’; ; ; ;  1 t ’vo I . I I , i ;  ls’ t ’ti , i l s ,in ,l~’tt , - ,l , i ; ;  , i

e. ’t ; t  i- ,~ l t i l t  or I;i I I t i  ,I t ’t  i ’t ’;:~ I l l , ’ l i t  1, 1- i l l  I ’O t l S I  i i  t i l t  t ’ I  I e ’e’l  i t i , l t t , ’ , ’ , (

r 1 s t  f - ’tt  s I  l,- .’s l l  ( I t , ’ :; . i t : t j s l  5 , i t i t l  I ho I~’,i~I I t t ~ I t t . i s ; ;  ; o I I ’ t i c ’ .

ilvtre I , I a ’ l’ t’I0~~ l i’ ;  t I~ ’ po l \‘ ~‘ : ; i  01’ ,‘I , i : ; I t ’l’I , ’I ’ • 1 : 1 5  5’ I SI ’ I iSI .15
I ; I , ~ , il t , ‘ I ’ t l , I l  t’ ; t t , I I  i ’rf.i l I , ’,’ Li t ~‘i’ , i l  , ‘ , ‘I ) S I  I S  l i l t  : l t t l , b l i ’;t . I S , ~

I t  ii t’ I i I l ’  011 1 ~ ‘ I l ’ ’~ I I I  ( I . s. • u t t t i’ , ’ ;, : ;~’,l ) ‘s ’’ l i i  t I W ’ I ’ I : 1  ‘ , iItI l I I s
3 . ‘~ I tii’lt, ’;; - u I  ;; I ,h ’ 1 I ll’s’? -F by I • 0 i i i , ’ Ii I II isk . I t I3’ ~ ’ 3 . 1  l i l t , ;  ‘ ‘I

-
‘ ~ ‘11’ ,i I, ill 2~~~. i ) I S I  , ‘ 

~‘ t ’ I ~- 3 111 , 1  3 ’ - , \ I I ’ l I, ‘0 h 1’ ; t  I ‘~ I, ‘11,1 53 ,‘~~ , ‘ ‘l



\1sIl t t ’ ,’; I t l e T d I i l I i ; t  to a strst;~; L’v& ’i ol ’ I k pa t . (Creep 5 1 8  h o t ,

i t , s t  I , ’ e ’~~h i I i ’ i t  I l i l t ;  t t t  I’ ’SS l evel In t i l t ’  :Si m h ) h t ’ . ) ‘
~~ h~~’ 3 0  l I l t ’S I i st e ’tl

,i hovo , t F t ’ t ’’n t ’ ’ l ; h y  t w i c t ’ the ~‘ ; t I i i e ’ ; -; (11101 ~‘~I Isv Dupont  for  ~n j e ’o ’t  I c t i
“lii i elt ’tl t c ’S I pot. i ;t le ’ii ~~ at t h e’  same s I r es~ ; 1 i’ve I • i low& ’ver’ , t Iii’
v.i lilt ’:; 1 1st ,.‘tl ,ib oyt ’ arc mor e in I i t t o  w i  L I t ~‘;i los;: m&’asu red , ‘ti
sin’ lar ‘1,11 ~‘r ’ ial  at  N S I f l ) C . The II i ’ ,hor ~‘ ;il fle ’S mi ght a l t ” )  h~ ’
m d  i c , i t  iv c ’  01 I~~t er:i l constraint t’t’t” t’ct;; and tIti:; .tsIsel ’t el I hi,’
ovt ’t’ ,l I I I:lt ’ , i : i l i t ’ t ’tIa ’ f lt  : ;e h t t ’ I ’ t e  i s  I-s e log ;iiI ,j i’ ‘, ‘s; ’,e ’th

The ,‘ e t tt  t ’~~ t ’ t w i t  Ii R ;ty theon f o r  ma tli mode I I t i~ , e I t l i t ’ dvtt ; i iu It ’
!tt e’; l : ; U  F e ’ t t i e ’ l l t  s v at  em was n ot  I ins 1 ized utit ii, Jo lv duo to t 1st’ l i e ’ l i v
In cool  r u ’  I, I roce’:s n~’, ( F ; ’ l l u ’. II l v  Is  moot hs ’l . The model sitou I tI
prod i ~- t i’omp I ox sound vs hoc it I,’:; of pro  :a;ii V t ’ ro 1 , ‘ , l ; ; e ’ m;i I or ii  Is
, )3 ’ e ’I ’  the’ I rt’q i i i ’ncv i’ i t i ’ i ’ f r o m  low f r t ’qu elt i ’v ( 100 ii;’) to t Ii I I r : ;t  -

‘: t , i J  or  i’ i ’:;e f l , l i l , ’ e ’ e l  t h e’ dr  Ivot . ,u t ; s e ’t t ibl v (
~~ 

l~ ‘ kll’.’, l . ii i ’ ,’, l a ’r  I
dt’p ondonc t’ of the  m at e r i a l s  o t t o  be It an d l~’d w i t l t  511511 let dr  I v i ’t
ti ti i t ; ; .

T hu s , a]  I ol ’ ( i t t’  mat ii mode ’ 1 i u i ~’, W i l l  net h&’ oo~nis 1 et eel ( l i i  s
\‘t ’ir , b u t  the effort siiou Id be comp leted liv the i n i d d i t ’ of ti lt ’ next

\‘ea r (I”y8(1) .

5 .3 .2 . lmpe ’(I Ince ’ tube tes t  in~ to  de te rm m e ’  t he re f  ie ’ et  i o n
C ee’ t I I c  I t ’ll  I shlee ’ el of  sound ~oul at t i’fluat ioi~ for t lit ’ c or k —  rubl ’e r
C S l t - t l s I ) S  it  es hat ; been comp I i ’ I i’d . Ti lt ’ lii0,t ;ni r canon t n ot  hod I : ;  1 1 , 1 ; ;  c al 011

the 111,1 I e,’v between an elec t  r i c i  I ~~~tl au ; I t ’et l ; ;  tIC’S1 I r ; t flsttl I I t S  I 013

I i t i e  . P l a n e ’ wa ve pr op ;t~’,a t ion  i s  a ; ;t ;u t t te ’ t l , aflel I a at  I t t  l O O t 1  i l l

p t- , i ~~’ t I,’c’ by us l i l i ’, ;t r I id—wa lied t u l o  w i t h  a ci in m t ’t or I h \,it l~ V t ’ I V

much ; t m , i  I b r  t h a n  t he  w:ivt’henc’,tli of ;;oun el in the sst or and i i i  (110
test t i i , i t e ’r l tj l .

TIt i ,’ I n p u i t  Imp ed ance? o f a 1’ ost s~’imp it’ t e’rmi it ; l  te’d In  an
I of in  I t t ’ I I t l l T o i h l t i t ’ s cart he t ’xp r ( ’t4 sed 1;;

7. t’t s t l t yd , ( h . I I
1~ (1

wlit’ rt’ Z 
I. 

Is ( lie i n fM l  t i i t ipt’dant’t’ t i l  t Itt” stlm() Is , 2 I;; I l i e ’ t’li;i t S i ’ tei tat is
I -tpt’d;tn ee et’ I lie saitip is , ‘~ a + k ~ + u / C  1: ;  I i t t ’ e’Otllp I t ’\

p t - ep , t ~-, ,t t I ISO C oii ;l ,t i i t  of t h e  s:tmp 1 o , -i i t ;  I lii ’ a t  I t ’ i i t i , i  I I on  e o t i ; ; t  1111
Ii i 2: : t I t ;  t he  a n g u u  is r I t ’ s l I t i t ’ne ’v • t ’ I ’; I lie s’p&’etl of sound • and d I;;
t h e  tsttll h )lL’ lOflI ’,tll.

‘I ’lte t’onlp I e ’X F t ’ l I t ’,’ I tort e’ tS e ’ I ’ fi t’ I sot can lit ’ l’ e ’ 1st  tol  I o I l ie ’

Input- i t l I S l ’ t I , l i ) ( ’ s Is~’ t lie t’ :t ni I I  I I I ’  i ’qil ; i  t l o u t
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wltere’ R is the comp lex re f lec tio n coef f icien t and ‘ ‘“0 ’r is th is
t ’ht :t r,oct or 1st Ic impedance of the w a ter  in t he tube • ‘h’ Iioti . liv
stth:;t i tut it -ig the value of Zj from Eq. (5.1) into Eq. (5.2) the
ret be ct ion coefficie nt can be expressed as a func t ion of the
propagation constant of the material , and the  c h a ra ct e r i s t i c
itnpe’dances of the materi al, and of water.

One further relat ion is needed to express the reflection
coo t t’ Iclent in terms of the” propaga t ion constant and of other
ea :;i l v  l’1oa surod quantities:

7. ~.‘ .‘/ (a + jk), (5 .3 )  L
where -s is the dens itv of the samp le. Thus, the measured quant it it’s 

-

‘

. i I ’ t’ ss;:lp l t’ density tin t 1 length , frequency , characteristic impedanc e
of thi’ water i t t  the tub~’, aut e l comp lex ref lect ion coe If it ’ ie’~~t • The’
cal t’tth ,i t e’el 1 u i , l f l t  it  Is ;;  S re’ t 1w at I onus t ion Sot);; Ian I and t Ito speed of
sound

The s u:lp I t ’~~ for tile impt’dati~’c tube  tests wore’ cut in to  5—cm
d i , i ;n t ’te r d i : ;~~s. T h e  h e t i ’ ’ , t h i  of t h e  sanp~ o;t is I m u t e d  by thic ’or~’ to
li’~~s than o n e — t e n t h  th e’ W S v e ’ h  c ’ t i ~~t li of sound in th e’ matt’ri:i I
th e r o fo r e , 55 ’ l l S I e ’ l t ’t1~~t h i  Was ii h pi ’tSX IF la t  ‘h \ ’  0. U 7 cm ( ‘ 1 / 8  in) . The’
oi l— so ak et !  ~l 1 -;ks had bc ’e’i) t’X l ’O .S t ’ ~I to  c’;Is t  or oil  a t  75~’c fo r  12
sot i t  l’s; p r i o r  t o  impedance t cube’ It ’:: t Il ’s ’,

The t e s t  re ’a t i l I s  for this five c o r k — r u b b e r  mat ei’is ls  lie l o t
I ave :1 i ~;i ted . 1 ro p i’ t ’ ;; sii Let! in  E l  t I lL . 5. I t i iroug hu 5• . The’ ‘,t’ .ip hs a] tow
I ht ’ :; j ’~’~’d of soutiel and ,i  t I o ’ t i u i , i  I lu -sn y e  t ’ai i  t; hvd ros t a t  is p ro ;; st i r  c’s
t i p  t O  16 NPa . The (‘ UI ’ \ ’O ’t r ep r esen t  ;uv e ’r: il ’,o vs lue ’t ; over a r :in :.~e 0
f requenc I t ’;; I ’ rt - ss I khb ~ to  I i )  kIlz .

The o ’,t’ ;I p In ; show t l ist  in  un sci tuk ed sani p les tI le  Sou nd spe’e’t!
t ’ I l  r ’,’ , ’~; ar e  ve ry  s 15 i l , t  r , wh lit’ to the t’;t ~~t or oil soaked ;aimp I os
t h e  speed t~ I ’ sound var les t; i ~-‘,n If i ,‘St l  t 1 v . Table 5 .  1 shows t ha t  t I t er s
I:; an approx 1:11:11 o re bat tonshi I p be ’l s’et ’ru t he  amount  of t’SS  tor  o l  1 in
the  ;:;.lt or i , t  1:; and t be’ pCrC e’nt , a ‘,t’ l i l t ’  t ’o,i ;a’ in t he  i ;p t ’od of sound

A 5 111111 it  • but lt’sa e’XSe ’ t . correspondeuic e can li t’ dc ’d i i c  Oei
f rom tile a t  t e’n ut’tt ion c u t  ry e ’s t h a t  Is • the  1 c’s’t ’r t h e  h s t ’r ce ’flt , i ; ’ ,t’
C a s t  or c i i i  lu St s rbe~l , t h e’ :tt;t;l 1.1cr t it e  d ~‘c l’t ’:l:le in .i t t onus t ion .
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5. - ’e . i ’I . \NS

• &‘hian ~’,e’ ‘; In - - e l i , I t, i v  it v o i l  a t r a i t  sduce ’ r e’ 1 t’ment
as a f u i n c t  ion of ~‘~t s t t s r  o i l  cot t e ’f l t  of i t
p r e ’s si t r e  release m a t e r i a l  w i l l  he’ dot  c’ rr i l n e ’d  w i t  ii
a G I 0  c a l i b r a t o r .

• :\ f i n a l  report  w i l l  he w r i t t e n  w h i c h  i n t ’or h ’o r a t es
d e ta i l s  about the  v ar i o u s  o i l  st t l , 1 n ’ ,  and
impedance’ tubt’ It’s t 1mg a long w i t  11 roco ; ’ tme’n~ h a t ions
abou t  e i t l t e r  a bet  ter pr t ’a sur e - re l~’.iat ’ mat ~- r i a 1  ,

a method  to m m it ’i l .t t’ c ’ u i , i f l c t e’s In ox is t  1 n’ ,
m a t e r  t a l s  or a was’ to  comp en s~it  e f o r  c ] ; , In ;’, c’s. —

• Measure s t a t i c  and dy n a m i c ’ p r o p e r t i e s  of H

pressu re  r e l e ’aat ’ m a t e r i a l s  at amble -nt
t e’m h s e r , u t u r c .

• Inves t  i ga t e ’ f r e q uency  de’p en~h e ’n t ’e’ of p r t ’s’; u r e
r elease  m a te r i a l s .

‘I.

L - - -
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t~. 1 .

It is at present not po ssib le’ to su b j e c t a t r a n s d u c e r
spec imen to a se’r tes of env ironinental stresses over :u short time ’
per j o t !  and prove’, i t  i t  pa sse ’s  ce’r t t l i t3  oI’e’r~i I i t i~ t i-scl r~1me’t e”r t e s t  a
t ] :a t t h e  - L i s t ’S im et i  i;; a rd table  t r a n s d u c e r  w i t h  a c e r ta i n  n t n i m i i m
t ’v ’, u ’c ted l i f t ’ in f l oot  use.  Of cou r se , i f  wt ’ could  s imp ly C i S c ’ a S ot

c-s :  t r a n a d ui c e r s  fe - s r the  Ot ’s i r e d  f l e i s t  l i f e , we could  check t lie ’
f , o  j  I :2 r c r a t  c ’S at ’,a l i i  St .1cc op t5i) lei r ep lac e’Se’nt or reps i r r a t  is a .

t t : t ’ . u: ’ pr o a ( ’ i t  h ere  is t i - s  a c ce l e r a t e  the CnV i t’ c~nt:te ’ut5 l s I n - a s  ac t  ions ,
and t ]:~‘r eI ’v sub j  c’S I t lie t ra l1 : ;d i i5 - e’r ap t ’S ;:: ;o ’;; t i - s  St’Ve ’it v e st s  of 1 i~~s
C\’ i’ be ’ at  ~o;;ses in a f ew  weeks or soot lt t ;

u’ . 2 .  ~ :t _ 1]  0

The t - sh j  ec t i ye of t h i s  1, 1 ~;k I a Ic -s dt ’ve ’l cip .i ;;c ’t CII  s t , i  10 ,2  rd - d . ‘

:~u’ ’c t~~I; o r t ’ :; t o acc~- l i ’r at  0 t h e ’ ;t u ’ ,  1 1 3 5 , of t r a n s d u cer s  l’s :;od up on
1’,’ : t ’ : e -; i  t , i l  a t  ri’s:; t t ’ u p i  I r e ’:- :’, ’n I a

~~~. 3 .  u’ !~t x:Rl - :~~s

Is .) .  1.  TR— l i t ’  Tr , t n : ;d lR - e ’ i-s

Th e si  l u r k ’ ::todo’; in t h ’  l’I~— I I t ’  t r , i  I t : ;~h ; i c c ’r: ; th s~ h i v e ’ l’~ - en
r c ’\’ t ’a I ~-0. b\- Cc smpo ; ;  i t o  I n  i t  .\~- c ~- 1 e ra  t isO I .  i f  e ‘ isa I ( C l ’A I  - ]‘

~ ~‘ro1 -e du re ’s
h i ’ ,’ 1 ’ heet ’i 01 ’1 ; i ’ o i ’ t  t’d in  1’t ’ c ’V ions S’~~’, I I’ u I I i , i ;~ t enlv r e p o r t  a .  h O u r  in s ’ ,
t h i  ; ~~‘:  : - t t ’ r . p iec e ’ part t c’:; t I t o ; ’ ,  h ; . i ; ;  ]‘ t ’e ’t’t l’ e ’ r f u t I I ’ ui t o  j dc’~~ t i f v  t h i s
O X _ i c ’ t fa  i I t i r e ’s ~‘t  t lie ’ c ’O;t t l ’ u ’ l 1 c i ’ ~ t a and t c~ ~h’ t is r:’l inc t he’ ~

- u ’r u ’ c ’ I i t  I on of
l i t ’ so fa  i I ; ;  r e ; ;  1~~’ 1 1 ~~’ It ’ s i t  t h e ’ s 1’S’ c lS  I t  is l i t )  i t  .

The t’, u t l ’ t r c  of  t l ;~’ ,-\~ :, - t o - I c  ‘~~t r , i : t ,u  l l ~— h 1 ,  ( r . t t i - ~d ; u ~-~’r t.’j de ’ ]‘t’, l : : t

~ Oi’I t , ’l l s  J I l t ’ to  cu r r e n t  r u n ~.i ;~- i v  , i t  h i  ‘,h I’ c ’;~’or t h r i v u ’ t’ e ’ :;i ~~t e ’d in t i l e ’
r e ’j t ’e’ t i o t t  , ‘t t h c  i n i t ia l  f i t ’ : .t  i t t  i t i t ’ t r , u l ; : ; u l ; oc - e’i s .  1 l ; I : -  ~‘to : ’t ~’ t t ’~h an
invest 1 t - i t  I Si) t o  d~’ t is i’ ’ ’. it e ’  I l I t ’ ; h ~c’u ’ i t  i t ’ u ’ , i i i  ~~‘ c i i’ t his t’ ;; i t  1 ’i i t  — t~st t . u w ; i v
p I - )] ’ it ’S. ] y  i s ,] I O u ’ e’ t~ s:’ ’ l i i  ‘ , l u  —ul  I’ 1\’ t ’ t t ’; t S , I : ‘ , l l S  t ’t  u ’\’ e ’r ] l c ’ , ; ;; In
0 1 ;,isse ’m h l e ’uJ f , e  ~lt ’el u n i t ; ;  .lOtI i - ’J  i ’,’ i d ; i , t l  t~t ’ - ;s , ’ t l , i t  ot -  t n — s  ‘ i  l 5 I ] ’ c’J . tS - e ’

is t ’ - ;  ; a t ~‘:‘lpera t nrc ’ t o ’ ;; t 5 0.1 t i  , ‘;~~~ , 1h u ’Os’t t t u i t ;, ~ p t  ~‘l’ , o h i I is p t  ~‘l ’ I c ’s i i  t ’ , i  s

• I ‘ ‘ tp i ’  O p t  t ’  ,ut- ’si t ’’,nh i V I t ’t ’l;tt i que’ 0)  t h e  t i’ , i l l ; ’ u l U , ’ t ’ t ’
t ’ e ’ Su ’ t t , O  I or ’;  e’, i U C e ’uI t ’ ,p ’  id Je t eu  I or a l  lo~ in  he ’
r , ’ ’ ; o t t , t t o r i sl ’ e ’~ I , i l t c ’ o ’ w it h in cr , - ,; ’; i l l ’, t c ’;’lh’ L ’ t . l t  t i r e ’ .

• ‘ t ’ui i’ toe ” .tt t i — ,t t’ i S )  ‘ ‘r I t ’ u ’’’l t h ~ I C - ‘ 1 1 . 1 1  u ’l ’ u ’is t’ , l ! ’ I IS

the w.u t is r med l ; t : ; t  ~s’b;  I - - li i t  h i t - n lot  ens i t  i t _ I
I to i t - s t  p t - ‘iii em inch ~~ - i t sO ~i l’u ’~’ t’

u c I t ’ ,” ~5l’  ‘] ‘l e l i t ‘ s ’ l ’  I ’ P 1  I ’  J u ’ :;c ’ t  i~~c !  i n  t I l t ’ l i - I  s O t . i  t e ’r ‘ 1 ’  ‘ I  0 5 5

r o ’l s u ’r t  . A d d  i t  I o n , o  I I c - i s  w e ’r e’ ~-ot ’tp I 1’ t c O  d i i i - t a ~ t h i  ~:t p 1  c ’S t ’l l t  q i i . i r t  - - 1 .

I,’
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I’h~’ I n — a  i t ’  impe ’1 lanc e ’ \‘i’r ; l - i  t t ’:’i p e r a t  t i r e  I’ ; c ’ , i  ; i t i  t’ u ’~~ i ’t t t  S 0

i nO iv j ~I t t , i  1 r ~ ‘ -~~‘; ta  1 0 r a p I’ t ’\’ I , le ’,) I l i t ’ I I P .  ( “ l i t  it t ’S is S ‘50 I ‘ t c ~ t int! er st  and
at -id Sc’ I V t ’ I l i e ’ cur  rt ’it t —r u n sw . iv  pr~ ’i’  I e ’:’t , l i - i  t st’dt ’i’ t S t’x a::; li l t ’ t~no;i li
S , O a c ’s I c -s his dc ’’, l i i  i t  i V t ’ in .i shor t  t ist~ per i od , i t  w. i  S i i i ’ s, ’ c ’ : i ;i .l rv I

an t  s,’::’,.i t e ’ t I l t ’ i i t — ,i i i ’ i spo ’d.i ni ’t ’ ~‘e ’ t ’ ; i ; t 5  t t ’l’ t p t ’t’a t ; i i ’ e ’ me’a s ur ’.’~~ t ’ t I t  Iu i ’ Oc ’ c ’u I t i r C
u i ~~ t h ~’ r e ’ :i, ’l t , ( t  ~‘r a ,  T h i s  . i ut  o;’t .o t  l c i  W : I ; L  . t c ’ e’ui ;- : l ’ l  i a l ; , ’d , it i c 1ui din~’,

s a t :  i s ,’ Os t S ta t  ‘ b i n - ’, . lt’  .1 \‘ u ’t’V I c’’ , : ’ , 2 1 1 0 1  u ’S • ,i I ‘ ‘ - O U S t  0 i’

‘U’ S t ‘ ‘ , i t  t O - ’ ,  .1 ~‘, 1Vt ’t Oc ’ i i ; ’ , f l  I ‘ , o t u r t ?  s, ’ ,~~i I , I  l i e  t ’ \p t ’ I ’  t : : ;t ’ i l t , i l  l v e ’y , i l i t , i t e ’d
Va t ’ t ot t  S t u ’ s,’ I I , o t ~~’ r s we t - c ’ I c l t  i’ s,l F e ’ ;i u i t l , i  I ,‘!‘ a I i c : - :  0 0 1  t a t ] i o  1 i ’ a i i  ~‘d t h is
h i  : ;— d r I v e ’ t e a t  a ;  re’;.~’t t ~o h o r s  i i ts:’; on i t s  vii i c h i  pas : t ’tl ( I n  t h e  so]  0
0e’e ’ O I )  wa c r  ‘~ t h e’ 1 7 1  ;,‘;i r :  l i i  c h t — s , !  I lvt ’ I c a t  a l’ e ’ C O t l , t  1 or , ;  w i t  h nt -s
C S I ’  , i ’ t  i c ’ ad l i e - ;  I ye • v a r  : s i l t  a t Ie’ ‘ t u e ’  01 

~ 
Fc ’ S I i c ’S 5 OI l s !  W i t  h p r o d u c t  ion  ,i I I , ]

r t ’~i ;i~’ i’d —ill , o ’ : c ’ t is r at  re ’S;; ro 1l a ;  r e ’ ,’ ; s ”, i , l  t o t ’ a w i t  I i  j - s i ’  o p ’  r I V u ’ , 1) ; ,  I rti~’ I e’d
1 ‘~‘:‘, S . o 1 I h 0 ’ 1; I V e ’ j o i n t s , I Ia ’  ;‘t ’ u ’~ ] ; t s  i s, ’ii i r oss  t o,] b u t t  ;s’ i  t h t  e x t  i ’S h i ’ , ] :
a t  l u  -~- :  and re;-~ ’l 1 . i t  0 1 5  i t S  10;’, l ’ pot i  0 1 ‘

. ( h i g h I e ’:’l;’c ’ r i t  t i i ’~ ’ ’~ . l u l h u ’S ( V t ’

i n s t  c. 0 k - s t  h ’ ;’ol’. S  . I t  \,‘, i ; ;  d~~c ‘d 1 , 0 1  ~‘r i to  t t u ’ U : i t ’ t l ie Fpt-in ~~ 1 - ‘ f 5 ’ r
;‘ i’ u ’~I uo ~’ I I u ’i) t i’ ,i : t  - - , l u c e r s  I ’ e ’ c , o t i S e ’ t ] o ’ l i i  ‘ 1; c u r i o ’ . e -r :p e ’r at  l i r e ’ St  2 0 - t  “C

c ’ S t I  1,! t’au i a e  dct ,’r st at ( o t t  o t  c el l: -; i u ’ isl c u t  r~’ ’c c lian i s,’,t I p i ’ o p i sr t  I i ’S

‘ 1 , - ; : t - e : ;  6 , 1 , 0  an d “ . 1 1 ’  u- is t h e  i l l — .I  i t  t’ -”a ’ cl o t t ct ’ :::,i. ’ : l  I tio dis Silt1

p bs- a tn t ’ ,  ‘t e ’ , r s s p e ’ c’ I t:~ 1~’ , o: a t’e’]’rt ’scnt  . i t  l’u’t’ t u ’ ; U ’ I l , t  ( 0 t ~ t list ’ . i  t i ed
t l t t ’ h i . ’ , ] i — u h i  i ’,’ e ’ l u  1 . N1 i t ~~ I b;i t e ’ V e ’ l t  , o t  I lie t t - :-; ~’t - u ’~i t u r e ’ ci t

(150 1- ’) h1 ’ 5]h ;~ ; ‘ r t . o d  t ; ;  t h e  0’:l’ e ’ ui ~t t l u ’ t ’ t : : . i u ’ , i t  i t t i d ~’ I’ , ’ )  wO e ’!) t h e ’ i’ e’ ; s , ’ll.111c’ e’

and - i : : t  i r e ’ ss,’ : i , i  f l u ’s po i :tt ,  S iS  •S t j u ’U 51 \‘ I t ’ s , i u s ,’ e s , ]  , i f l eh  I C  i t  111 ’, lt ’lC F t ’.i 5 t I i ~’,
I s, ’a ;;~‘s i l l  I he’ st i,’ h. ’c- ’. t i t i’ t e ’:’:;’ e ’ ra I t t  u c ~ i~ j oe’ t’c , ;  ~~‘d t o  1 21 ‘c ’
( .‘ SJ  1’) , we ll h e]  os,’ I I t ’ ’ I t ’:’:pOl’ Y. ‘‘a’ c’ I ~‘i ’ IC1) i ’,’b t h~’ p~ u ’S Oe’ It ’S t r i e ’
:-:ater L i i  ‘i s i m a l l v  t’ll, ’ t - s I i t i t  u i ’ : t o ” - :p ,  2 5 1 : 1 1 ’ s, ’ pr o] ’ h e ’t’u ; - : , t h e ’  l l s ,’r ::I , i i

r~ - s , ’n , i t 5 ’i ’  F u ~~~t’tll( Ut ~e h i s  0 i ;; .I I’ : i t ’ .t r c ’d ,u ld  i n c h  i c i t  l o t - i s  ~~I e x t  r c ’::t t ’ l c i S S c ’S
h,l v ( ’ ]‘ ,‘c o:’~is isv tt!O!) I . S I i . i  : , i  in~1 i c.t t isO I h i . i  t t he’ ~0 ’ c’S r 1 v pt’odu ic I i o n
u’ t ’ a u ’ :t St  s ir ’;  kid .0 p ru ’stle ’ ‘Si e’f oiilv 2 .5 N — n i  ( , ‘S i n —  i l ’s )  torque I u t  t he

S , le l l t c ’ ;L I \ ’ t ’ (‘ l i r e ’ i lOth S I t ’ I t t  i y e’ l ow I’ i ii.i l ,is :;emb lv St U c ’ S S  c i t

S . t ’ h — s  ( 5t~ In— Ha:; ‘I to  t’ s ; i i t ’ . In e’ 01111 ,1  ~i t , F I ;‘,:t • . Os and I’ . 21’ sh ow
t h ; ’ i n — s i r  i : - :pe ’d i t t c e  ( : ‘ ; , i - . ’ , t t  I t  ;sh’ .ind ] ‘ i ; i : ; 1 ’~ k - s f  a St r a s . i  p r o p i s r I~ ’ 

I -

sc - s t 3 - - I r u t s  I e~u ! t ’ t ‘ - - ‘s. i i  or . Th is  r t ’ aon ,i  I Or  n i  so u ;;~ ‘,l 1’ po t )  S Zlehl t’S I ‘Se ’ .i S

i i i  t h e  ‘roul;:u ’ 1 iou  te ’~~u~f l , i t  s i - - , h - s i i t  w i t h  a ‘mcl i  h i5 ’,h e t’  pt ’ t ’st l ’ s, ’ ; ; ; ;  c ’t ’

I I • ‘- : ( I  ;)0 i n — I  h~;) I , ‘ l , ~~ie ;i ,i t I i . i t  t h i s  , i , I l l e ’S is’ ’ It s  t i l t ; ;  . t t ’ e’ n ls, ’l ’ t’

110 t’ ) fl Tt , i i ’t t i  I i i i  : t : l u - F I ’ h i t ’ 1 io.l  1 .1  re ’s;i I or t h i s  t’ t ’a , ’fl , i  I ot ’  \,‘,l  S Se ’I

t o  i ; ’p i ’ o x i : ’ ’ , i t  c l v  l i  ~t t ’ . i  r,~tJ ~‘ i )  a t  Nc ” Ot ’ , N o t  is t h ; , i t  t h i t’ in—a i t ’
I :‘o’* ’d,iiit ’e’ i t ;  a t  111 qu I t o ’ ;;a t i si i s , ’ t ,a t’ v up  t o a t t’si’ t ’ t ’ ,i  o re  ot  .‘ot  I , ‘ , i  : 1

1 (11) C ( , ‘I •
‘ ‘

‘,‘~~ . It was i’ t ’. l : i o t t u ’ sl t h , i t  t i l e’ 1sre ’~’ l o u t : ;  I , s ; ; , ;  o t tO pt’ol’,th ’ h\’
e ’ r r . I  I :c ~~i~ t ’ - i l  i’ e ’SS , i ~ ’~’ 1 tO e !  isv St  i ’ ,i . ‘ ,t ] t , i u l  i’ e’;t u i i t  isO t O  ~‘ 5 ’t  t ’ u ’ :;t ’ u~~lt J  i l l ’,
t’r r ,i t i t ’ a t i h i e ’;; I V e ’ , j oi  n t : ;  0 1 V.1 I t O ’ ,  t l i i  c’ k t t o  a;; . l’v , ’tt i t  I Ia ’ pr~~’ I u ’ O li  I ~ ‘

0, 1 ,- ,‘ I Se! I ,~‘ , e t  ~~1 s ’ - i  r t ’ss i t  ‘e,l ho t  It ~~t cu t ’  I l l  — a nu l  t i i , i  1 , i : s t ’: ’tl ’ l Y
1 : 0 , !  ‘ , ‘ t ’ ; t  i s ’] :  l , ’v e ’d • i t  5 , 0 : ;  : ;pe ’~’u i  Lt t u ’s, 1 I l ist  I hs ,’ . i s , Ih i’;: ( ‘ S c’ -~ 

,‘j n t s  ‘1 t: ’,ht
I L O \ ’ t ’ I ’ e ’ , ’t t  c ’ \ u  c ’ S ; l  l y e ’ 1 v I h i  1’k

_ _ _ _ _  -- -~~~~~-—— ~~~~~~ _ ~~~~~~~~~ ‘ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _



____________ 
— - —‘

i l l _ a ’ , ’ ’ ~~~~~~~~
‘I ~‘--s ~~~~~~~~~~~ ‘ I- s - ’ :‘ - -  :_ ‘ i - - )

- - ‘ U ‘5 ;, C-’ —

2 : :

— 

j
- H• ;

~ - 
/ 

‘. 
~~‘ :~~~~- -  _ ,

~~ -

I -‘ - .--_ :-— --
,-—- ‘ I 4,

‘~~~~ I i ~~~~~~~~~~~ : . - —
~~~

- 
.

l
,

‘Ii ~~~~~~~~~~~~~~~~ 

~~~~~~~ 

-

~1 -H 1 1 \
- 

I 
- - -~~~-

— r 0 5 , .  —C . . L E  ( C ’h .  I t ’ ~~~
_
~ ’~~’ :  ‘,‘‘ t h  ( c-~ ‘h.~’ I ft -

ui us , .‘ ,, U -0

:1’ _- I
—

—
‘~‘ ‘ I~~ It :’~~~~ ’ i , ’  I 

‘ I )

— .. — j
- ‘~ ‘~~~I I

- 

“~ 1~- I S U - 
, 

— ii

/ 
~‘

- ‘I - - z I’
I 

~: -  ~
‘ w ‘ -

- H  
~~~~~~~~~~~

/

I
- 

- 
-

“. -

‘ I
’ ’ 

-i

~ 

- 

:‘

- -I ~~~~~~~~~~~~~~~~~~~~~ 
4

- L ~ ‘—~~~~~~ .- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~ 
S ~ ~~~~~~~~ ____



u ,  ~- h ~ , I . Ia t’ u ’SO ~~’.’ t ’ I i i ’ i s , a i l_ t r , t i l s t , - I  p r ’ : l o : : ;  it  ,,-SS Ii et C e’s : - , j t ’’: 10
“, u , I  - - .r c ’ t ];t’ ,iu ’I .,i l I c ’: ;’c’ i ’.i:ci rc - , tt ,i t ic,1 in t h e  wide ’ bc- . :-: S e t C I  ionS
o f he c O5~ ’~ ’ a t e i!’. — i t ’  I ran, s,l ::~ ‘ or undo r I i i  ~‘,l; d r  i ~‘o 1 i’Vc ’ I t’ ~‘t ,a t i c ’s , : ;  .
fl ,c ’ t : e’ ;:t,; l ; j :,:,it~~~s, u : t  t c ’:-’, - ’ , - t ’ . ; tu r c ’a t sr  t l ;c ’ r c ’ :on : ot or s  in t h c ’ c o : ” . ; - s ; ’a i t c

i , l l ’,:l s, t l c ’ c’t’ ,c  ~ e’ t ’u ’~ j ; ;  j I s , ~~! : ‘., ‘t onl y for the’. o h  0 r~ ’~ i’;’.,; t , ‘l ’ : -  b u t  i s :
- ‘  . i , ’us ’FS i:’.u ’ s ’ F ’ s,; F l  i t t , ’ ,  t h e  i : : r . t ’ ’~ ’ u -d E pon 8 ; o J i ; s , ’ a l ’ , ’ c ’ j o i n t

s, - - :: :‘ , : s , ’ :  , ‘ : ‘ .  I c ’ s ’ hr .  i s ot ’ ;~‘i t 1; l i i : ! , ,  - r r. r e  ‘‘I t’ u s , : ,  . A I so , i t  sa t a dec 0
( 5  l U S t ’ S t  j 5 , t t t ?  a des i _ -a whi ch t’ u ’ j ’h.R’ Os! t ’t ; s , ’  p Oor  t ! ; s , - :’ :s, i l — c c ;s,;b ;s~

:1 .1 t’ s ’ a: ’ .;t or t’~~’ t a ine ’r  1 -s h o c k s  w i t h  .1 hO ’.’ i a hr  ica ~- s,I a I;:s :ncs :;
r s ,’ . ~- s s a : , ’: - t’c t . i  L I l t ? :’ i ’] o~’h .  ‘l i i i : :  des  . ‘ , l l  p t t t  :: t he  i i i  i t ’r  11;: t O  is .
c , : : :  as  I w i t h  t h e  l ’ . s , s~ s! I ] , c  l~~~.I  I — con , b:c  t i n . ’ ,  a j u n  li ;t : : : :  1-si a s h , ;,‘i; i~ ’l ;  1; ;

is,  t a r n  is, ~— s : i t a s t  w i t ] ;  t h e  O U t : ; i d c ’ : ,t oe ’l c,iso i t ’ttcU ’ftO,’l U ’, ‘S i t U

-O’ c’r of c ’~~’ : : b i: i , ; t  Is:;:: of I r,i:::- s b:; ~- s,-r: ; wt’rc tc ’S t  c ’ si to
O c t  u ’FS’. L O u ’ t “0 t o  I: ’ s, ’ra t ‘ : 2 ’ ~ ’ i t  is’]; I , ’!; a t a b  ii  I t  V Os,’ c ’ . t ;  F c c ]  , Tc ’s;’c ’ F ; it  OF s,
:iu, ’l l t o ,  w,is ~t c~’ua: ’:;s t i : ;hod  b ’. bondis,’.’, a t ’t;u ’:”:iSt or t u ” t.h s, -  nodal
r ‘, — s I C  C s l i t ,  a t ’ I ’’-’ :,sss; si ’ j fl 1. I t O  wj d  c’ h is ,  i:; s e c t  ions .  A a 1:’. ’. b e —

r~ ’ :t :c ’n~’’-’ ( is : :e’a :  s ’~~ s t a t  i t :  ‘, f I’u ’ -: :: e-Us ’’:) 1 .‘ o V t’:’;s d r i Vt ’ ,i S S c  i i  SS

.0 i r c ~,: : c - s.c~Y t 0 5c p ~lri’,’~ ‘Su r e pc: ’: ot ’ s c ]  ott ths -  c u ”:;l ’ i n at i o u  01

i : : t  e’r c - . t , 11,0:51 v , t l ;o  un i t s  w i t , ] :  t l te ’  :‘: is ,’ .; r :  a Is! oak ,ind an . t l t ü s , , 15c ’ s,l
h1~~ck U S~~f l. ’, th e  n ow r~’ . o ;, 1t Or  ,i s’ ,’ ; s , ’:”,i ’l ’ , - t ec’ h i n  io t a ’  ~i:’ I ]h on

8 .  ‘i ’hc ’ t r e a u c ’nc \’ — a i ’ e’ c ’p u sod  35 a cs,’:it i t t t t O l t :  O — s o c ’onds as- st ep up  a t - i d
2 — s c u ’ s, ’r t s :  a S ’. ’.c ’o~~ z l s ~~ -” t1 a~’ r osa  t b ; ~ O~~~ - F ; ;  I i l l ’ r o ; I t l c ’l I e’\’ h u l l  1 ’ L t
1 0 0 — 1 .30 I : ” . - . For  I ] ; ,  t I l l s ’ ]:p,~s, 5 rs ,,~~c’.~~;i t o r  cesp-oa i t o  TR—3 1 (,
Co Ot  1 ‘U ’ , t~~ LOI ’, S , ti - i t? sas’.c ; s, ’t , Ci~ r~ ’s on a t , - s r s  is’SS I I Siss,! in ,;11
1’ :~;3a-:’ ; ” ’ -:: s ( i . c ’. , h o t  ii in i b : s ,’ m i c . i r t , ’. ans , 1 alt i :- ;  in;::-; 1 - s l u i c k : ; )  . ‘I’ ab s l i ’
5,1 s ; : ” : ’ : , ; r ; S € ” S  t h e  : ; t c a s I ” —~~~t~~~t C  still) H i,:at is:’. tc ’:’:por ,ltiIrc’a for -Z Ow i ’

of t h e  ‘:0 : - c ’ irt ,e :  s, ’ a t  in , ’,  ox p or i : ’ :cn r . i l  do ;; i ’, t t  s’c” n f  , ‘, ;;r ~~t io : ’,c  05’r:’or::;t’d .
‘ I hc ’ ’ tt arc’ 1 .1 : . ’ t c 53 c ’ l ’s t ur c ’a wUic 1 \ c ~ l’ s ’ i ::a 1 l’~’ t ’ c ’ , i s , ’ his;] 01:1 ’ i s ,  -, 1;

Or  :‘,- c s  o f t h , , - ‘ 1k— 1 6 is :- ;pc ’i ’ is.c’ii t ; il  u’ IL l S bc -as cisc I ions. ‘lilt?
I r s . ’ : c ’:; s ’ :— a u c ’cp Or i v u .’ 1 u ’ a t  f o r  I ];c :11 ;;; : ;  iii;:::; block i, - i l  1 not  he’
p~’ : : ’ or:’:sO ’5::: t 1 1- Y SO . A o L  is i pa t s,’d v ,i l  us ,’a wi -r e  i n S e rt e d  iii I , I t ’  i i ’ t • I

On t I ;~’ : ; it l  ‘ , I e — I,’O;~;tCi i c ’’  d v i ’,’ ,,’ I c ’s1 a .
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(k ’ti5 ’ l u si o n s  f r os t  t ’, s is t’ s - s u l ts  of t ! :u ’ i n d i v i d u a l  rc’’onat ‘r i n — a i r
l5l ’e-d ~ifla is \‘c I ’ ’; ; ;  S 1 o:’:pi ’t’ :t I s  re and t !:e r e s o n a t o r  ;: t i ! -  i i  i s : ;  ion
t c~l I a ’ t . t u r t  t e a t s  , t r i s  : 5 1 ’ l i I ’ t S c ’ - l .

• Low p r e a t r e ’ss on th e  acr s:’ , ] c ’ - ; t  i s -k d un n , ’ ,i d ’t : e ’sj vo
ci : r s ,’ u ’,ifl r c’a u l t  in c’:- :c ’ea:; ft ~ ’ 1’,’ t h i c k  a s l ! : o
j  o i i t t s  w i t h  l ; i ~~]i 1osse~ and ac s ,’o:’;p ;in ’. ’ in :’,  i:l~- r ~’ , ;aeS
in re- o n a t  or t u ’:’; po r , i t o re  -

• Inad c .~u~i t e ’  f i n a l as~- c ’ :-; h l ’ , ’ s I r s ’s:, poss i l ’ L ’ ~- cou ld
r ’.’ l i e - is t h e  St  r u ’s :; on t ,c C e ’ rats ic due to i_ l ie

d i f fe r e n c e  in t I o  coof  i is i en t s  of ‘.‘ :~~-s , i i l: ; ion of t h a t
s It ’ ~ - - - ‘ r ’d  and as  ra :- ; i s  , t i i e ’r c ’ l ’v  ca us  i n~~ ::;oro

I o s s, ’s an ’.: ls - s 1 , e’F ins, (.)~ t h e ’  r e so n a n c e  fr e qu e mc  I i ’S
s i t ; i t ’ - ~ r ’.’, oa  L s . ,’ t u ’:: ps ’r .  t o r e  •

• Th u t ’ r ~~l t c ’ s’rs - r.u.-h  met ‘ — ‘c] used by St r aza  to app 1”~’
S tr c ’ :;a on t h e  ( ‘ol ’ , l ’ ; j C  Is a I j l i s ’ : t  j s O l l , l b l C  a a : :c n b lv

I t  is known f r o m  usx ;i csr l oos e tha t this
method  is n o t o r i o u s ly  ina cs ’ ; t r s l c ’ ( f or  exa:tp le ,
t h e  c e r , o : ’ l i - ,’ s t a c k  :-; I s,!~t not be st ressed  at ab if
t 1 , c~ nu t  ~i’i~ z’d upon t hen thread c’i t h e  at  r oss rod)

• H e r o  a re  no si. ’,nifiaa :it d i ~~ f t ’t ’ c ’i~ s ’.~~S ifl

I s, - I l’ s ’ t ’, i t  a : ’ -. F I so measured in the ~-i ch i’ beam
- ;oc t  ion I c ’ t~~’e’isn U IlL’, LC~~I r e’ q uo l i c ’v and sweep—
:
‘ r c ’o t ; t ’ucl V dr  i’,’i ’:;

• F l ; i s r ’ .’ is , i ] t ~ ’;; I a 20 ‘ C (36 °]’) t o :” l sor atur s
d ]  t~ ic r e nt  ial hc’two ’ .’n the  ::; ic’a ;’I ,i and a luminum
r u -I  .2 in ~’r b l a c k  conf I ‘,;: r ,i  ions ( t h i s  g f tc” ’; a
s,Iec ’ t , b s , ’d a d v a n t , t ’ , c- to  t b ; ~’ a l u m i n u m  b lock  comp osite
TR—3 Il ; w i t h  r c’- ’, , i  r d to  t he rc ’ 5iu ’ .- I .’ ,‘.n of hot  It
t c -”s ’e r i i t i i r c ’  and i_ l i e  tendency fo r  ;‘ ;; r r i s n t  runawa y)

• An in c r c ’;isc o f 10 °C in w at er  :u: :;b ie i l t fro :s 22 0 C
Is ’ 32~

’C r e s ult s  in a c o r r o s p o n s i in ’ ,  in c r i s a a t’ of
7 ” C in sax i: scis : t c ’s;po r z - i t u r e ’  0 1’ the  corspos i t o
T R — 3 1

As a r~’su lt  Ot  e xt  o l l ai v e  ana ly s i s  and t eat iti ~ uiccomp l I shc’d by
l’ , , ’c- :i - t ek / S t  v an S  und o t ’ t s,’sS’. Ii Si’ s,’ .~ 2’3tfl St  :nocl I t  i c ’ , i  I ion to  i;:;~-s r ovo

l O s , !  \‘ c ’t’ i f ’ ,’ S’,’S t e ’ l1t pe ir f or : ’I . i t lco . ,-\ summary 01 t i l e’ C l i ; l l l ; ’ , e’S is l i : i t ’ .b

• The t r a n  s0u~’ or bous i sa’, has Isu ,’c’u so’.! f loch I o
i l l c o r p c ” r a t c ’  t a ’ ’ ( 2 )  f i l l  p o r t ; : f o r  t’acli c 5 i v i t v
sect  i - ’n of h o c  p r oj  t ’ c’ t s r  (PD u p ,  I ’ ] ?  down , and
n a r r o w  beam)
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• ‘i ’ li ~ o i  - ‘ I l l  i sr o c e dut  a has 1- c on  modifi ed to
i l ;s ’ 0r 3 ’ l i t  c t ! , e ’ p r i r n ’ l ‘ I i ’  of i’ i F ,  ; t h ~~ t i :t s ,  wars, :; ,

e - ’S, i ( ’ tOZI I ~ ‘ s ]  s--s i i

• ‘ru e s\’l - , t r d  t ;,is !-st’ e ’ I t  r c ;’ :u ; ’;t ’ si m d  t h e  f i l l —
f l u i d  1 5f t  lO  t h e  I i l l  s - m a  I , ’ ’ r & ‘ : ;  I t o  r - . ; s - u l  t o
pt - . ’v~~ i u ’ imp I ’ s ‘,- o i l  t i l l i n g  wi t in  o ;mcli
r i s:  s- s :i;t - s I’ c av i l  v ( 1. is • , bet S t o O l  I I : , ,’ p t ’SOe  I e’is t F L o ’

st  i - k  and t - , sI F s ’ s t o - f l .

• .-\ r ’ u” ,’j . :;e ’d r o ‘ ; o l i , u t  s l - 1 r ( ’ ’ : t  i’ ’ ’ . : -  i t r t ’ o cd i t r e
[n;’ l u d i n - , ’ t ] ~~ - use of a , I i ;  I ,~~l mtol L i: ; s ,’t -r  t o

rnc ’ z l sU  l’ u ’ t h e ’ Cit il  I’:’,O h i s  l ’c ’ u ’ l ;  i tO ’ ’ r ; - s ’t ’ - l I tS1 t O

ne ’ , t s t l r e ’  (h i’ pr estru ’s;; in licu of t i t o  t s s r ~~i t s
- I  ] :os ,i

• “ibis r esona t , o r — , i s; ci;;lil v p roc edur~- was mod if it’d
to p r o v i d e  ii !; L b  s t r e s s  on t l i c ’ ::t,t , ’k wh ile
ti ltS s,’ s,’Fte ’t’it  ;‘ur cd. T h i n  p roduced an improved
E pon 8 c’ e’:’;e’n I j o i n t  w i t h  I s-s- r  l os ses , the r eby
so l v i  ut ’ ,  t he  cur o’ elI I — r u n a w a y  problem .

• All anod b e d  a luminum r050tl:ttOr ret :tinor block
has been f a b r i ca t e d  and to : ;t ed  to  improve i_ lie
t i ;c r : ’ a i  I d i s s i pat ion  and ti tu s provide a :;af st y
factor with rts,’,:trd to the c u r r e n t — r u n a w a y
pr oh i  sun . This a l u m  [nu n r es o na t o r  r en t s  in c r
block will rc’s l ac ’o i_ Lie m ica r t a  r e sona to r
r ot a  inc’ r b lock i n  t h e  shor t  so” 1 b I tS  (PD Up
,‘mcl PD down soot  bo u t ; ; ) , The m I c a r t a  b l o ck
w i l l  , ; t  I I I  ISo ’ pt ’i’ t lil t od ~ t ’i t h C  h u s l ; ~~ se c t i on

-

‘ 
(na rro w be’am a’ s ’ t ions)

• :\ l’ e ’S ,’ a d  t u tu )  I u t ’,  proc e ’c h i t  ro has been
inc or p s -s r ated wile rob ’,’ i_ lie r e ac t  i ye  comp 000n t

- -s ‘is ma j i l t - I l u t t O  i n d u c t  ly e  over I l l s ’ lower 5/8 of
t u e  u ’o pe ’l ’ ;i I in ~’, h : in , I  . ,\ I SO , i_ l ie  isipi’ ss’~’ocl
per  t ’ c-s r:: t :lt i ’’ c ’ ol’ t lie ’ new ci i s l : ;u ’ l t  I : ;  l ’ t ’l:i J t i_ i ’d  , i

u le ’u ’r e ’, i , ’ :e’ In t ho ’  t r ; i 1 1 : ; t  c - s t - s l u r I 1 1 t h : ;  r at  [c-s  ~ h i l i~
1; 1 .111 mtS t’t I us, t he ’  source—per  —‘,‘s I I  r e ’ q t t  I rc ’men
at  or i s - i t -  +1 ‘Io , sib i’ ’. ’ 1 iP a 0 1 m et  u t ’ , thus

‘1 ’~~ ’, ’ Id i t t ; ,  an  i n i p u ’ u l : i u u ’ t ’ -~~ ‘ u ’ , i t  u t ’ I itat 100 ohms

(s . 3 .2 ,  ) ‘l ’ — - s O”3 T r a n : ; i l t i e u ’rs
‘~h~ I y si  Its no I t  I n c  (ho l’ j s’ tS i l  tort p r o lot  \ ‘po D T — 6 0 5  ( S/N  Al and

~\ ‘I) t r :it ; o l o i c ’ c’rs h o v e  cu -st ’i p l ‘ ‘ I t ’d t ! ’oi’ f i r s t  — V t ~:l t ’— u ’ i U l V i l c ’ l i t  o l ’

op u ’ r ‘i t  b o n d a I t ’  u ’ ‘a ;  t’ Ond j~ lori s an d , i F e ’ in I l l s , ’  P r oe  i s : ; ; ;  of i_ l ien scoot  a t i c
p’ 1. 1  ot ’;’l- t n i ’  is c i to c  k i s  roq u 1 1’ i’d by t h e  Cl ‘A l l’ pr oc u’u l ; i  n o .  Test in s ,  ;,‘. i s

comp I t ’t  ‘ 1  f l f l  s i l l s ’ 01 ’ t u ’ to n  i t  a in  5~ ’ i ’ t  u ’ : :t ha ’  I ’ 1 1) 7 0  • h l s ’’ -:’ ’\ ’ ’ ’ t ’ • I SIt e ‘I Id
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i-t ot  :‘~ ‘ t  in i t  S n  ln— d&’1ot hi e v a  l i o , m t  j u s t  u ’ t l i e ’ t s ’utt i l I s  i o ’ I o t e ’ I h ; u ’ t ’ l l u l  s i t

u - s t y  I nspec t  b oo t s ’t I l ie ’ ‘l’p, \~h : l- i h o ’ d a t : i  I s i  I l i e ’ l i t  s I  u t t
it let  f lOt t ’ e ’\’ i ’ ,i I .tn v S t i l ’ :- t a n t  j , I  I u ’ !i , I i t c ’ t ’U I f l  p t - I ’! u ’ i ’ F 1 , 1 1 0 u ’ u ’ . ‘i ’liei e t  u ’ i t ’~
it  s h s O ’ ’  t o o t  . tp i’ s ’ , t u  I l a - l u ’ w i l l  he’ ~m ni- h o 1  sh ip In  s’ s t ; t i 1 i l u ’ t  i t t 1 ’ I l ; i ’ l u - I  i t - i s ’ ,
01 I i t t ~ ‘S’u ’O l t , l  Sit  it

0 • . I • .\ ~ t’~ ’o I I em t i t  i t ’ d “ i~ u ’~ ’ u ’ I u ip nt t ’nt s i t  ( ‘omp o: ;  i t  i s —  ‘ to it  A5 - u t ’ I t t  i t  ad
1, 1 t u ’ h ’ e ’at i l t ’, ( ( ‘ I ’  ,\ l  I ’) ~t u ’ t  I t O u l t t  t o r  s, o t i , o o ’  I ’ l , i l t t :, lus , ’e ’t’ i-i • P a r t  i ’  Is
u ’ X ’ u ’ s ’ t e’el ta- s ‘u ’ pub i :;lIt ’eI ~‘i I i t t ’ t ’nil Ci ! \ u ’~ ’ i ’t ’ t !’ t ’t ’ 1 ‘ 0 7 0

I’ . - ‘  • h~I .\~h;

ii • -e  • h h i t i t 1 , 1  I u ’ I hit’ :;u ’, ’ , ’ t t u l  \‘ u ’ , I  F 0 1  ~~s ’ s ’ u ’ I t ’  I’ , o t  e’eI h I t  e ’ t e s t  on I l ie ’ I s , ’
U — oO ” 1w di  s ’p l ; u i i t u ’

• . ,‘ , l i i i 1 i t t  is t h e ’  :;u ’c’s inj  \‘ e ’ ,I i 01 a’ e’e I e’r at  eel h i t  u ’ I i s : ;  I ot t  ( l i e ’
l!i  ~i I’ t ’iI ’ u ” j u ’ s ’ t  u ’ F S  wl te ’n F e ’’.’ i S e ’Li ~~~ ~e ’ s ’ t  ui i’ ;; I rs ’m ,\ t t ;u ’t u ’h s ’ St  t , I F . 0  I t s ’

r u ’ u ’e I

I ’ . ‘ u I . St  t t ’ t  , t i s \ ,  l s ’p :t ; e ;t t  so t i ’U,\l l’ pI’ u ’ c o u i t t r e ’ for th e ’ So i n ~-- ,o
I l ’ , i l l S , h i t ’s ’ I

IS



1’, \ ° ] :  !‘ — l  - -  N ° I t -~!- ,- \ N t )  \ ‘! ‘ l ’, . \ 1 ’ l ~~ -,’

7 . I . b ,\t ’bi ~ R t ’ l ’Nh )

A : ;  ‘so i ’ ;n , i  I’ i l - i t ’ p I . 0 1  t’ S r’’iS bt ’~’ u ) FIe ’ qu i s ’ t iso’ and s ot t , - - i I ’ 5\’ at  ems bk ’ ,’ sS:;c’
: : ;u ’t ’ s ’ ; e ’l t : i  i t  lye ’ , p r o h i o : - i ;  s-s-i , ’,’ i , ot(’d s i  l i t  t r r a n ’ ; u l t i s ’ u ’r ~e’l f’’ s ’ ,u ’t i u ’ t ’ i (  ~‘d
n , -s i so  l’ u ’ u ’ s, -s~’;e ’ m o r e  :1, - i l l  e ’ . Thi’ ve ’ i ’i’ rea l pi’ u b h  u ’:u t ot’ t r an sduc u’ r—

~~t ’ O s i t i  s’c’uI t~~~i~~e’ h i t s  ,i i t’esi s ly  been l i i  ‘,l ;  h 1 , ‘ , l i t  C ’sh . ‘l’r :tn scluc er Sc’ I t~ — no i 5 t ’
i-

~~~~ l i i  Sc’ k s i l t  t 1511 I i’ , i t t  s d t i u ’ Oi ’ ‘ 5 ui pe ’1’;i I, IOt l  ;t s w e l l  ; s  r.’t cl l a t e out
I n t o  t I n ’  med i l l ’ : ; . R ,i , i  ; , i (  sat 11, -s rs; e can a iso i t’i te ’ t ’ t u ’t ’ e’ .~‘ i t  h s t l i t - i ’

.iu ’,’t t’ .t i s ’ S i l l  t u n t o ot ’ ,i a lt  [p ,ir  :: u l ’i ’s i t -  I : i t ’ . h e ’ s,’ , l l t ’ i c ’  uS I h io ’ s~ p r s h l ess

.il I l i e ’S’ or b l n i i t ’ o \ ’ o u l  t I’ , i l t u i u l t i u ’ t ’i’ S sliou l tl l i t ’ ;u ’r u t  iii I n t ’ u i i t) )’ 1)01:10

5000  F u ’ t ’S • A t  p n u ’ ;; t ’ I i t  t h e re  at ’ s no ft 11\ t u ’ ( ’Opt cul me tho d s f , ’r
corr el ,it i n ’ ,  t i n ,’ r;td i a t e t I  no I s c ’ f r o m  an i l t : ; t  .0  l i e ’s,! t r a n sd u cer  v i  t l i

the ti ’ s t i l t s  u ) ‘i  1 t i b e t r a t e)  rv  I c’:; t I or no i : ;  C ’ . i n  add it i on  , i t  I s
d i l ’.’ i c u I  t o  ~h i  :11 l l t s ’ , l t  i~~b t r , i l l : ’ u l o l u ’ e ’r tb  1 S t ’ f r o n t  e ”-, t  r ; i t l t ’ un o t : ;  t i o l  so
Whl e’tt t 1’ , t t i : ; u i t l u ’ e ’l’ S i t i’ s’ t e s t e d  in pt ’ u ’as i t re I ; i t t h s .

7 .  .~ . o~~, i l .c  i ’ivu -: s
l’h ic ’ ob~ cm’ I I ‘,‘o:; c o t ’ t i i i : ;  I ask  a r e  t , ‘

• Re ’o .’ I i’l,i , i t is l  c’’.’ ,i 1 C OS t  0 iS’, i 51 i i i ; ’ ,  I t’a f l a , ! O l s ’ c i ’

Se ’ I t  — rico I Se ’ 5 ’ F I t  em’ 1:1

• I as l o t s ,’ and ,i n:t h i ’ ~~u’ : ; u i t i  t ’ s ’ e’ :; , f  is ’ I i
’ —

:‘,t’ o t e ’  t a t  i’d f lu ’ b  :1 e’ I r t  I i - t n  : ; s I ; i , ’ u i ’ :;

• !~ u ’Ve ’ l u ~ i t t , o  l i t  I cal. ‘‘ i ’  I t  01’ 1 , 0  ;iiid I i s : :  I ;Sc ’ h , ’5!
t o t ’  & ‘ y ; i h t t ; t t u t - ’ ,  I n , i i i s , l t i u ’c r — t ’. i u l  I S t u ’u ! :;e ’l  f — n o i - - i s .

• t,j i p l ’, . r a d i , i t  ‘ si ; ;e ’l  f — us -s I :;u ’ en I u - t - t a  and b a t
m i ’th osl  a to s u ’ t i , o  F t F i l l :  ; , l u u ’ u ’t ’ - : 1  ;t ,b, i t O ; ;

• P e v t ’i u o p  t e’st net itooci a l u -s d i ’s ’  r is h o s t s ’  I - s e t  t,- e, ;t
ransdttu ’t’t’ ~ u ’ I  t — t i o  i s o  intl e ’X t I ’ , l t l u ’ l t ; Z  tl u i (a t ’

el ton  I t t s ’ ,  i i  u ’ u ’ u ’~~ t ~i f l u ’ e ’ I 5 5 1 5  ill p Fu ’ ; i  l i l t i t ’ ( t i n  ks

5
’ 

• •

I . I . I . h ’t.s ’I’ s ’l’ t S

Te’c l t i t l t ’:iI  Et ’pu ii ’ t  ‘h g l > ~’ . o t t !  i l l  i’d ‘ Ps ’ve ’l  o 1i; ’ ;u ’ ; l t  , o n s l
A pp I iu ’.tt 1cm 0! ’ .0 1’i~ t t i : ; , h t t u ’ u ’t’ l I , t u l  l i t  e,l 5, ’ I t ’— N , ’ I : ; u ’ i t ’  I t  ‘at -  i cot ‘s o s u ’ u l 011

~° l - s t  i u :;.i I D ot  ee l  i ,‘n Tlbe ’o rv • ‘‘ 1st;; ioe ’e ’tt  si’  i t  Not ;ioid , t u h ’ c , i t i u ’ t’sl coj ’ i e ’S
: ; u ’ t i t  t u -s N E t , .  t ’u ’nip l e ’t  is ~I l o t  o - i I s u i  ion  ot  t h i s  r i s ] ’o i ’t  is’ 111  h u e ’ uIt ot ~ I t i s ~
i~ u ’ t  , ‘ b ’ s ’ t ’  1 > 1’ > ‘i ’lt 1 : i  t ’isp ,’t ’t ce~ t t  ‘ 0 1 1 1 : : 111. 111’,’ 0 t h e ’ t o - - t i  I t o  ot  t h l t ~ o, ’, ’t’ l~
i’u ’t ’t ’o t ’ me ’uI t i i t u l , ’t’ T;l:;l~ l- — 1 , N , ’ I~~ u ’ . i i t u i  \ ‘ i b t ’ , i I  hil t , I I-I. I’ , d e t r  I l l - ’ ,  !‘‘t’73

, o t t , l ‘Y/ ~> . l ’ l ; e ’ ~e’p o r(  , h e ’a u ’ t  i b l t i s ’ ,  ( 1 ; , ’ 1’ I I — ’l  -
‘ t e a t  a , to i l  i t  l~~’ , l  ‘‘ l-i u ’ : z t i l  I s

s -s i 1 I , o u i  1 . 0 1  e ’ ui  S I r  N , ’ I i~~’ ‘ .b ’, o :~~ t n , ‘;- n ’n I ’ ;  u - s t l i i - - ‘ I ~ I t  - ;n -~, h o e  i n , “ N ‘-~ 7)

t u b  I I  l~e~ p t i l ’ i  b~~h i , ’, l u h i t i ’  1l1 ’, oh ’ ! o h - s t - i -  I t ) 7 ’)

‘s i

_~&---~~~~
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7. 1 . 2 .  F x t  F , I I l t ’ u 0 0 1 ; ;  No t a t ’ ‘1’c’~~t~
In t ioc S T R I P  ‘third Quarter Report (FY19) attention was

di  F e’c ted l e o t lie p rob Ion co t  d isc  r m i  into t i rig be t  seen t ransduc et r pressure
i n s l i o c ’ sO no 1st ’ and n o b  so gen t ’ r ;o t ed by t lie pI’ i ’:iSUr iza t Ion sys t  c-tn d oo r 1mg

. t c ’ u,’ e ’ p t a t l l c ’e t ~~~t i-i . ‘~h~-s d ot cit - I  Ion and e l i m i n a t i o n  of ex t raneous
Si ’ l i t  c’S I lL)  [Se ’ is essent  itt I. to p roper product  ion te s t  lug . A a mmp i e
so l,ut  ion to t h is  problem would he to develop a pr t ’a s ur  I : m t t  Ion
:; v s t e ’m  t h a t  Is t o t a l l ’ , ’  “ q u i e t ” . i lc i wi ’vt ’r , u n t i l  t h i s  is achieved
i:tet hod~ c O t ’ .~ iLi Iv .t  lu ig  .ond d l : ;cr i in ii ia t 1mg sy st em f l O I S t ’ f rom t ransducer
fl u) I Se’ u sed to he deve loped

A software program has been written and is currentl y being
“dt ’h uggcel ” w h i c h  will antilvt- e the t ransducer  se l f — n o i s e  impulse ’s
in t e rms of peak  p r e s s u r e’, t c i t , ,i I, energi ’ * 

en ergy  spect r a l  dens i t - s, ,
and t [mc du r t i t  ion , and also e’ompare the  r e s u l t s  of e’.ii ’h . The
pur loose’ f o r  t h i s  ;o n ;t i v s  Is  is t o  cya l u a t e  t lte  e f f c ’ct lvc ’ne’ss of each
t v pt ’ 01 t 9c ;isu r e ’:ne ’tbt  when used in conjunction with -i pressure tank ti’s t ii
In  ,td ~l i t  ~ sOfl  , t l i f e ’ and ~t ;lip l I h i d e’ COmpa ri; ;uot s will be’ made to tielVel l 01)
,I h i ’S t lug tec ’l i io  i qeo t ’ which w i l l  e’l Im ins I t ’ ex t r aneous  noise impu 1 se’S

I ron t r . o n s c h u i ’i’ r Sc’l f — n o i s e  t es t s .

7 , 1 . 1 . P re ssure ’ Re lease M aterials  ‘t ests

The pr e ’:;seIre r e l e a s e  m a t e r i a l  samp les supp lied by NU SC h a v e ’
eac h h ’t ’t ’t -i p re ’s sur c ’ ev e led tw ice  f r o m  0—600 psi g w l i  L i e ,’ moni tor ing the
rad i,it isO s e l f — n o i s e . The t es t  se tup  is  i l l u s t r a t e d  in F i g .  7 . 1 .
C,t r i’ was taken t o  i so l at e  t he  pressure tank f r o m  pump ing no ise  and
st r u c t u ra l  v i b r a t i o n  by having the  pressure tank mounted on a I a r ’ , c’
b l o c k  c o t ’ gr an i t e  which  was suspended on par t  t a l ly  i n f la t e d  inner
I O i l - s e ’S , and 1w connec t  lug t h e  baud pump to the tat-ok v ia  20 1 e’s,’t ot
f l ex  [b i t ’ p r c ’ ;;aiore tubing as I l l u s t ra te d  in Fi g. 7 . 2 .  The radiat eel
s ’l f — n o  I so of each  santp It ’ was t i t a t  l i n e d  ove ’r ~ei ecu ted pressure  ranges
and p l o t te d  as ti f un c t  Ion of f r eq u e n c y  as sitown in F I g.  7 . 3 .  These
SP L ’c ’t r u t m  l eve ls  w i l l  be compared w i t h  the  min imum de’te’c t a b l e  source
I s ’Vc ’l. .05  u le ”.’e loped  in the ’ repor t  TR ‘197 , and an i n f o r m a l sumniarv
r e p o r t  w i l l  be writt en d u r i u t s ,  Oc’t o l o c ’r 1979.
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• F i ~~. 7 .1 — Pressure  Release M a t e r i a l
Rail is I i-sc ! St’I i — N oise In st  r tl : : is ,’ nt t o t, ion Setup

N \

\4~ Ui 1J11~ Tj
~

1”i g .  7.2 — Pi’ e’: ; ; ;t i r j ; ’ , t t  ion S v : ;t i -:ut Set up
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• 1 .5. F r e e— F b I ci Me’asoire:~ient s

Tr an sduc ’er ~e1t ’ —noise  t ree ’— ! ’ ield t e s t s  were conduc ted  at I -

f a k e ’ Pend I:tre’j l l c  d u r i ng  the la s t  w eek  of A t t ; ’ , i o s t  . The main ob j ec t  t i c  :- -
of  f r e e — f i e l d  t e s t s  is t o  ob t ain  r c c o r d i t t i ’ , s  ot  d i f f e r e n t t r a n s d u c e r s ’
pressure induced aol t’—noi t o  in ,i f r e e ’ f is  Ic!  to cont~i~o 1’ e’ and c o r r e l a t e ’
wi Li t record i t i ’ , s  of t h e  St i l l I e ’ n o t  so obi a I ned f rom p r es s u r e ’ cv c  1 ing in
t a t i I ~s. The ’ r e s u l ts  obta  inc - ui f r o m  these t e’St : ;  would ass i s t  in
p r o i  e’O t i t i ’, t r ansc tuc  er rad t a t  Cd n ot  so as mi’a su reul in a pres sure’ t ank
to  au e~~ti iv a l  etil  no iso l e v e l  t h a t  would he” expe cted  when measured
in a f r e e  f i ~ ’ l d .

T h e  c - s h , j o ct  ive’s of t l t i s  f i r s t  t es t  wer e ’  t h r e ’c t’o Id , ~
‘:‘ i’c , a

spec if  Ic r . te ’th iod  of o b t a i n i n g  f r e e — f  t o l d  measurements  of t r a n s d u c e r
s e l f — n o  [Se’, namel y t h a t  of c’hang ing the pressure  by lcowe ’r ing ~ nd
r a i s in ” ,  t h e  t r ansducer  in a 1ar~’,e i-soch \~ 0! w a t e r  w h i l e  m o n i t o r i n g  the  

‘

so l  f — n o i s e ’, was to be invest igat e ,d • ,- u , ‘ -~~ ‘~ ~, t’us’cO “ t ic isV ” t r ;t u i s du t c er s
we ’r e’ to  he teste d and the s e l f — n s , - s  [so recorded.  ,“ : ; ‘~~~, t i e

, i - ~~e ’a and iii sa dv at t ; t u ’, e s  of using Lake Pend Orc’ ille as a site ’ -~~
f o r  these  par t  bs ’u la r  t e s t s  was to he invest i g a te -s el .  In a d d i t i o n  to
t h e  I h ; r e ’e o l ’ i e c t  [yes 1 i s t e ’u l , a Spec’ it ’d t r ansduce r , m o d i f i e d  1w NEI
to t ’ c r c ’e t i - i c  t r a n s d u c e r  to pro du cc n o i s e  on command , was to be 

(

t e s ted  and c a l i b r a ted .

On t i - i t’ f I r s t  day of I e’st it t , ’ , , sh i p p i n g  s,Iat f ;ige’S Ii) the tow
b ,5s ,j\ ’ prevented  it from being used unt i l  r e p a i r s  were t~aele. The tow
i -s u -sOV wa s necessary for the  t e s t s  to car ry  the  t r an sduce r s  ;und m o n i tor  p

IwO r s-s p It5 -sn es w h i le’ ra i s  I ng and h Owe’!’ 1- i in the ’ wt i t  or .  Wh i l e  reps i r s
we’re h~’ iii ,’, made , the sI-se’c’ia l transducer was t e s t e d

On t i t t ’ sei ’ot t s l  d~ov of  I c’s t I t ig  , the tow body with the  I r a r isduc  c-sr s
a t t s h  m o n i t o r  lovd r e -sp i l t - su e’s was ~ 1 ,ic’c’d in t he wa ter . Wit l i e  ra is trig and

• ls , 5’e’t’ i t i ~’, the  t r a n s d u cer s  to 250 feet t he  h - st’i r i n g s  on t h e -s w inch s v st  em ,
di ’ S l ” , t l c ’ul lmfl ul bOl I i t  b’s’ ii i’s - s t - it t’;t,~ tO~ , ho e o ,t u i  to  l tc -sSt  up • A f t  i- sr be In ; ’ ,
ct j led ~~uih al ,-so,’eu h to  ~‘co-si , t lie j~’~ t ’ l  nou ’ , s ; 1 ; ~ ;t in heated t ip .  At tlt i~t

I j : :s’ i t  s o s  ~I sc ided I l ist  t l te ’ h u e ’s’ is I w i n o  ii svs tern slicu Id u e- sl,_ I- se to ss’s,1

On I he Li i  ird clay t h e  t ow  I- s u ’ocli’ was .m L t  a c hi ~~ii t o  the  b.t u ’;’, is ’ :;

w i t - i t’ ii - s ’ s ’ S t  t’’l m d  lu l5t’t’el in t h e ’ s-sa t en,  ‘l’wo p re’osu i re ’ e’vc ’ lo s  wet’e
r e ’5’ ot’ eied t ,-‘ aOO I t’s ’t ,i t an , iv i ’i’ ;t i ’ , t ’ O V t ’ 15 1 lin e i’tf one ltoiit ’ ‘, i e ’ h i .

I t b o s i o ; ’ , h i  t h ii ’ I e’: i t  5 ti le ! t t o t  proce’eel ~ p l t inned t i l l  I I it’ i’c’ u o b ,~ isc’t l\’e’S

Wi ’ I’t’ 1110 I . TWO I t t - so i l- l i  of r,o,-s ul rise’ or ch f t i ’, ; ;  of I lie ’ t ran sduc e’ t’ so I t  —us -s i e’

I l , i ’ s ’ ,’ h’ e ’ i ’li  5 - s h s t  ,~ j~~~’ii . ‘I ’hie’se t ’O, ’ c - s t’ ,I j u t ’ ;; have n5-st h e t ’n an a i v a i s s i  vet  • but

~‘t ’ s ’I iu n t n a r v  invest  i - ’ , , i t  l o l l  hU e 1 l u ’;t t i s d  t h,t t, se -sv eu - . o l  I m p i i l  at ’s t,’isre’
‘a o l - s t  t i r ed  . Ree’on,l i i i ’ , , ;  of I lie ’ : ; l - s u ’ i’ 1,~ 1 N EI ,  traui ‘silos ’ is t’ It ave ’ been
cs- st .i i nod , t n ~h : ;e t t t  to \ ‘ l ih .  . Tb o I s  fis t ho, ! of  rle ’~o s t I u ’  i t t ’, pr c: ; :s  F e ’ Insh tise’el
Se ’ I —Ii i) l : 1 c ’ u -s t r t ti  s h i ;  ce’!’ t ‘s’ti i-i :ttIcu ’e’ ;;;; f ii  I , i n  sp I t O u I l ie ’ i tO  I ’S I . it  , ‘~I

‘ 1, ’:’ ;-; t ,’li I u ’ : t,’is 1 ’ ’ Oil ’ s - s t i l t I , ‘ t ’ i s u l  . ‘ t h e ’ t ,le ’ 1 1 I t  i t ’;; , i t ~‘c ’t i5 h i ” t’ e ’ i h I~’
, I r t ’ t u l i i ’ t  e ’,! tu  t h ic ’::e ’ -, I l l s ! ’ ;  ~~ t sat  a



For f u t u r e  t e s t s  of t h i s  l i-p c , o t h e r  method s co t ’ lower log  and
r i  i s ;  i i i; ’, the tt - sw body , in u l  /or  t r an sdu i e’e’rs siiou I d  be I u tv t ’s t iga I eel . The
tow body worked v e ry  wel l  to car ry  the  t r ansducers  and m o n i t o r
hvdrop hones , but  a more s u i t a b l e  w i n c h  sy s t em needs to  i-’ c-s found .
Good measurements  can i-s e’ obta ined by the  winc h on the  h - stt r ; ’ ,e ’, but
rap id p re -s ssu re  changes .ore ’  nc-st p o s s i b l e .

~~~~ PLANS

Since Task F — I , Noise  and V ib r a t  Ic on , w i l l  no I ons ’ ,i’o’ h- s e’ a p a r t
of t he’ STRIP P r ,- s ’ ram , tn.’iflV of t he  p lan:: fo r  FY50 w i l l  be depe’nei c’nt
U pon thi t’ dirt -sc t ion and f t o n ~I in ” ,  of t lie new Son,i r ‘I’r an sdtu c e”t’ Ext u’.itm eot t
No is; is Program.  hlowe v e r , t he  re” - t in log hli i i  is:; I c -s ue ’:; w i l l  be ’ e’ O:llp l et  e’d
fo r  STRIP as f o l lo w s :

• Comp I e’t lOU 01
’ repor t  TN 657 (O~’ t c -s bt ’r u ) 7 ct~

• In fo rma l repor t  on p r d ’sa u i r t ’ r e l e a se’ ma t t ’t’la i s
s e l f — n o i s e ’ (Oi ’ tc o ho u’r 1979)

For FY80 t l e  obj ect iv es  t o r e :

• W r i t e ’ sot ’ t war e  f e - s r  e’or iput er  , i t ,t Ii’ s i s  u ” t
’ d i i ’ ,  i t  I t’ t~c1

I r ansducer  t t ui d e’x I t’tt t ’i e’o tt s  t i c ’ I ;;e ’ I r m ~; lent  s l i t

t erms c - s t  peak v o l t  .li ’,(~ (l rt ’; ; : ;i t re ’) , t o t a l  e’ne ’r gv ,
and enu”r gv  sp e ’c’ t rtm I det ;s i t  i- .

• (‘om h’ ,i re the  ye-s I t tl ’,e ( t - s r t’ssu re’) thr e :;ho Id I u’S t
w i t h  the e,’f lc ’t’S, ’u’ d e t e c ’t t i b  i i l t~- c r 1 t c ’u - 1 ,- s t - i
ci eve ’l op e ’ci by NOSC

• Pevi’ l s - sp t e s t  met i :osls anti pt’,-s c’e’diot ’~’s to pt’ c’vt’nt
ex t  r an e ’c-s us t O  1S t ’ l I ’ Ol’l hi’ u t; ’, e’c iiFi t -s~h ,t S t i’ ,t i t s d o ie ’u’t’
no 1St ’ .

• Review tmii i’va 1 u a t e -s ox i : ;t  j t ; ~, I I ’~ i t 1 5 e t t i e ’ s !  Si ’ I t  —

:‘,e’ne ’r t it ed no i1; i-s cr it or i . i  to li t ’ l i-s st -s t s t an th a  reIn
for  metlsu re ’me’nts t o  qua I I t v  t r ann t lu ce-srs I ’ s -s i’

submar l i l t ’ U S c’

• Dove li - s t - s  t e s t  met  ht s -s u l s a ttd pt ’ s-s c’ e’c i l t  I ’ d’S , i- s ,i :;eu i  u l p e olt

d~’ i
’ e’t iu h , i b  I c ’ cr 1 1  c i ’ I ,t t’ ot’ t o l l  c-swab i t ’ em i t t  i’d

t’nt ’r ; ’,\’ , t tnd o p p l v  t I Ie ’Se ’ t o  : c ’ I e’ c’t u ’ ci t r a imsde te ’t ’u’ :; .

• D ove ’ i c - s e  .0 rn et l t od t i - s r  c’,i I jbu ,it tnc~ t u e  I i’ . i i t ~~t u ’u’ -

t’ t i n ’  I Ion hi -I  \s’e ’oul  ra il l o t  isO , in sl  e’ I c’u ’ t r  I c ’ ~ll t OO! I pu l
fo r  so icc I eel t r , i u t : ; ch toe ’e i’s

• T a t - s i _ i t t -s and t i i t . o  hi , ’ t~ ao l  ,~~c~~t e ~ d I u , , t t a u h o u c t ’u’ pi ’ t ’S:;ti t’ e’
re I s’.l Se ’ c’cs ;t l - s t - snt’nt :; I O F  S i ,’ I t  —; ‘,t ’tte ’t’ ,tt u ’t! 001:5’

p Ot s ’ l l t  1, 11 
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Some ’ t r , i a ’ 4 s h i i c ’e’rs In else l s~’ t h e  I l t ’ c ’t  h ive’ hoi t t t s - s t i nt! to  o m i t
ext  !‘, o l t c ’u ’ti e l ec t  r i “zt I til t s ! i c - u - s it : I l i sa  I I t s - s  I Se ’ as a t une ’ t ion 01 is hiS ti; ’, Ilti ’ ,

h v d r os t at  I c’ p re s ’ : t o r c ’ . The ’ p r i : ’ : i r ’ -  S ,-sii t ’u ’t’ c - s f the noi sc Is he ’l  t t ’Ve ’ c!
Is or  i ~‘, i nst  is in t lie p re - I ; si u  re rd e u  se mo u ’ han i s m  of t l i e ’ t r ansduc  ers
Tnt  e’r 1 :’; t ix os have ’ been i ::-i p l e ’ : ’ t e ’ u t t e ’u I , but  f i n , o  1 so lu t  1011: ; require’
t! ;t ’ c ic ’ve ’ i u ’l ’:’ :c ’ l t t  Of new pI ’ t ’ S S i O I’ t ’  i - u - I  e ’t l S t ’  fl e ’c ’ h i . i f l  1 : - r n : ; .

8 . 2 .  OBJ 1:C i ’ l V I ’ S

The obj e’c’ t i vt’s ot ’ t h  Is t a s k  a r c ’ t o  cle ’V e ’ lo p ,  I i  l o t ’ i s ,’ ate ’ , t i ’S t ,

and ova luat  e an t o l  t e’rna t l y e ’ pr e ss iu  re - s re I e;isi ’ lfe ’u ’ h t ~tn  ism . T I - ic’ i t e ’w
p r essure  i’si e’ti:; e’ ro t ’ s’ han 11:1:1 ts’ I i i  i- s e in t its  f o t ’ ::t ~~~ a :1 1 c - s t t c-sd met t o 1
SleleVe’ s ;p r i : t ’, .it sl w i l l  be r e t  r o f  i t  t ed  l o t  u t u e  T R — i 5 5  t r t o n s d o t c e r
f o r  t e’St ttnd e v a l u a t i o n .

8 . 3 . PR OGRESS :

T h e ’ ~ i Ot’VO— spri :is’, pre ss;ii’ u’ r e’i e’t iS t ’ lli e’c’h i . I f l  iS;:1 c l i ,Ve , l 0 15 cc1  by
Te:< ,i :; Re ’st ’.t r c ’h I n st  i t o  Ic , Inc . has bt ,’e’n ins  t a I led in s i x  TR— 1 ‘- s5 F
t r a n s d i i s ’ t ’rs . F E Ve ’ of t i - s e  ri - st rof  it ted t r a n s d u c e r s  have he’e’n
s u b j e c t  ccl Ic-s the  5000 - s t - -s ‘s a n  r c ‘a i’ s,’ I c  I c ’:: I a t  N~~S( ’ — C rauc ’ . Four of

h5 ’ t i ’ ,o t ) : ; s i io ~’cr s  te’s tc ,I  pas;;e” cl u5’ h t i i  e’ i-st -is ’ Vi:; jud ged t o  h i o i ’ e~ t’t i  l i e d
his  t e S t  . 1’rob lotu s with a no i - ; ~ - va lve ’ h a v e ’ m , ic le ’ t h e  d at  .o ott t !tc

ot mi ’ f i t  i i  u r e-s s i t  sp Is i ot is  ,inci t I ts  I da ta  is be’ I l i v , i’O e ’X,ot’ l  1 1 u s d  . T h e ’
ins I re- spor t  clo c ’OFfs ’nt iii- ,’, the sh o v e ’ i op n t e ’nt , ant l i - s  Is , and t r t i n s du c e’r

mo st if Ic’S I j s - s f l : t  lt ,t~ I, ~e’tt t’u ’u ’e’lVCti fist:; TRT . The on i v  work t’d ’m.o in  its ’,
ot i lb is task is t h e  c’omp I c- s t  Ion of t h e  t os ’ooust Ic ’ eva i n st  ion of t i - ic
r e ’t r i -s f it ted transducer. The r e q u i r e d  Tne ’, o ; ; u r t ’r ie n t  a t i r e -s scheduled
I d i ’ t lie Ancho Ic ‘rtmnk l-’ac’ i i  it  i- at  ~ h fl , —~’5R h l dun  i n s ’ ,  t ito sec 00ci we ’sk
in October  I~~~~~7’ .

8 . 4 . PLANS

The nc  i s i s , ’ t e s t  result s , the ’  ; i u ’s i i t : t  Ic ’ :le ’. t : : t ; i c ’rli ’ t - i t  s t i t t u l  t i l t ’ TRI
r u ’p o r l  w i l l  he corn!, I nou l l t t t o  a s l O t ’ ,  i s  f i t - i t - i l o’isp~-s !’ t on I i t !  s t , o s k .
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i’,\ S!  G 2  TEST A~~I) l” 5 ’ 1\I,~’A i ’io~:

!t ,\CK ~:R O t ’NP

‘rI~t~ i m y r c - s v e ’::ic ’il t s  in e ’t i ’ , t h e e n i ng  deve lopments , t h e  development
O f I isi ~’ t c ’ ;;t m e t h o d s , and the n ew s p e c i f i c a t i o n s  and standards
ach ieved  must be u t i l i z e d  to assemble , tes t , and evalua te  p r o t o ty p e ’
t r a n s d u c e r s  so t ha t  a l l  imp l i c a t i o n s  of proposed changes w i l l  be
known b e f o r e ’  i n t roduc t ion  to the f l eet .

9 .~~~~~. OBJECTIVES

i~h ; e get ’ue ’i’~t l  ob jec t ives  of this task are to evaluate new
en ‘ , i n c’e ’r i n , ’ ,  deve lopment  t r a n s d u c e r  proj ects  and to provide
quantitativ e a l t e r n a t i v e s  f o r  solving problems encounte red  in the
ope rat ion  of f l ee t  sonar sys tems .  Spec i f i c  ob jec t ives  f o r  FY79 a re
as f o l l o w s :

‘Dete rmine  the  f e a s i b i l i t y  of rep lacing sil icone
f lu id  lit opera t iona l  t r ansducers  on a
c lass—b y — c l a s s  basis .

• De termine the  co r r e l a t i on  between measurements
of noise made in small tanks and those mad e in
a free field .

• Eva lua t e  the s leeve—spring pressure  release
mechanism fo r  extraneous noise and pressure
independence of acoustic performance.

9.3 .  PROGRESS

9 . 3 . 1.  Two TR— 122 t ransducers  con ta in ing  si l icone oil were
received from the Transducer Repair Facility at Portsmout i Naval
Shi pya rd , Por t smou th , Nil . Ti-ic ope ra t i ng  c h a r a c t e r i s t i c s  of the
transducers will be measured with both silicone fluid and castor
oil used as the transducer fill—fluid. The measurement s wi l l  be
made in accordance  w i t h  the  Compendium of Test Requi rements  at-id
Operat i t - i g  Cha rac t e r i s t i c s  fo r  NM’SEA Sonar Transducers .  The two
set:; of measurements  w i l l  be compared to de te rmine  if an
d i f f e r e n c e s  e x i s t  in t i te  operat ional pe r fo rmance  of t i e  u n i ts .  ‘ 1

The T R — 1 2 2  t r ansducers  c o n t a in i n ~’, s i l i cone  o i l  have’ been
measured in t lt e  Lake F a c i l i ty  a t  NR 1, — l ’ S R D .  TIte measurements
j nsl  I c’,tI c’ L i ; , i l  neither  01’ t i e  on i t s  meet t h e  publ i shed
specif  lest [cons . This  w i l l  not , however , a f f e c t the validit y of
the compar ison  n i ’a : ;ou r en t t - sn t s  w i t h  c a s t o r  o i l  w h l d ’hI w i l l  f o l l o w  n e xt
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